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A B S T R A C T   

Neighborhood accessibility and availability of alcohol products has been associated with increased alcohol 
consumption and harms among adolescents. This availability has been shown to be higher in neighborhoods with 
lower socio-economic status (SES). The aim of this study was to examine inequalities in alcohol outlet density 
and proximity around schools by area-level SES in Madrid, Spain. Data on schools, SES, alcohol outlets and 
population density at census tract level were obtained through public databases from the local government of 
Madrid. We examined (1) density as the number of alcohol outlets around schools within 3 buffers (i.e. 200 m, 
400 m and 800 m) and (2) proximity as the distance from schools to their nearest alcohol outlet. We performed 
multilevel analyses to examine the associations between alcohol outlet density and proximity and SES, adjusted 
by population density. Secondary schools (n = 576) located in less deprived areas had lower densities of alcohol 
outlets at walking distances of 200 and 400 m (50% and 37% lower, respectively p < 0.05). No significant 
differences were found for the proximity measures. The socioeconomic level of the area in which adolescents go 
to school is a determinant of their exposure to alcohol, where those who study in high SES areas have lower 
exposure to alcohol outlets. This study highlights the need to prioritize equity in the design and implementation 
of policies to limit alcohol accessibility among adolescents, including establishing minimum distances between 
schools and alcohol outlets or limiting the number of outlets per inhabitant in neighborhoods.   

1. Introduction 

In 2016, alcohol consumption was the cause of approximately 3 
million deaths around the world (5.3% of all deaths) (World Health 
Organization, 2018). The relationship between alcohol consumption 
and the burden of disease and mortality is well documented (Degenhardt 
et al., 2018; Rehm et al., 2010). During young adulthood heavy drinking 

disrupts cerebral development and maturation (Guerri and Pascual, 
2010; Medina et al., 2008), predicts worse health outcomes later in life 
compared with those who did not drink (Haber et al., 2016) and has 
been shown to be strongly related with engagement in different risky 
behaviors such as drink-driving, crimes, use of illicit drugs or unsafe 
sexual behaviors (Amlung et al., 2014; Moure-Rodríguez et al., 2016; 
Pape et al., 2009; Sherk et al., 2018; Subbaraman and Kerr, 2015). 
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Alcohol consumption by adolescents is a great concern for public 
health, since more than 25% of the population between 15 and 19 years 
drink alcohol worldwide and the highest rates of alcohol consumption 
for this age range are found in Europe (43.8%). In Spain, 56.6% of ad-
olescents between 15 and 19 had consumed alcohol in the past month 
and 28% had engaged in binge drinking (World Health Organization, 
2018). 

The urban environment seems to have a large influence on alcohol 
consumption and alcohol related problems in adolescents and adults. In 
cities where alcohol promotion and advertising are unregulated or 
where the regulations are very permissive, the levels of consumption are 
higher (Bosque-Prous et al., 2014; Kuo et al., 2003; Sureda et al., 2018) 
and there is a higher likelihood of early initiation of alcohol consump-
tion (Anderson et al., 2009; Villalbí et al., 2014). In this sense, higher 
densities of alcohol outlets have been associated with higher rates of 
binge drinking (Azar et al., 2016; Sherk et al., 2018; Shih et al., 2015), 
higher hospital admission rates for conditions attributable to alcohol 
consumption (Maheswaran et al., 2018), multiplication of violent crimes 
(Trangenstein et al., 2018), and other detrimental effects at individual 
and community levels such as motor-vehicle crashes or child abuse 
(Campbell et al., 2009). 

The wide availability of alcohol outlets around schools and the lack 
of policies that regulate this availability contributes to the normalization 
of this substance and facilitates access to alcohol for students (Ibitoye 
et al., 2019; Petruzzi et al., 2018; Slaunwhite et al., 2017; Yassin et al., 
2018). Higher availability of alcohol has been related with worse edu-
cation performance and higher rates of school absenteeism (New-
bury-Birch et al., 2009). In addition, early initiation of alcohol 
consumption is a known risk factor for alcohol use disorder (AUD) in 
adulthood (Ystrom et al., 2014). 

Neighborhood socioeconomic status (SES) and population density 
are correlated with the availability of and accessibility to alcohol outlets, 
with higher densities of alcohol outlets in low SES neighborhoods and 
densely populated areas (Badland et al., 2016; Morrison et al., 2016; 
Myran et al., 2019). Some studies have shown that more disadvantaged 
neighborhoods had the highest proportion of alcohol outlets around 
schools (Martins et al., 2019; Slaunwhite et al., 2017). Youth living in 
lower-income areas are more exposed to alcohol and suffer more alcohol 
related harms than their peers living in less deprived neighborhoods, an 
example of the alcohol harm paradox (Hay et al., 2009; Huckle et al., 
2008; Romley et al., 2007). 

Given the high levels of alcohol consumption in adolescents in Spain 
(World Health Organization, 2018), the early age of initiation, and the 
potential role that alcohol accessibility and availability around schools 
may have in determining inequalities in alcohol consumption, our 
objective was to assess the inequalities regarding proximity to and 
density of alcohol outlets around secondary schools in the city of 
Madrid, Spain. 

2. Methodology 

2.1. Study area 

The area of study was the city of Madrid, which covers 604.4 km2 

and it is constituted by 21 districts, divided in 128 neighborhoods and 
2443 census tracts. The city had a population of 3.3 million residents in 
2018 (Madrid, 2019). 

The unit of analysis were all public and private schools that included 
secondary education (i.e. 7th through 12th grade) in the city of Madrid 
(n = 576). Schools which only had kindergarten and/or primary edu-
cation (i.e. elementary school) were excluded from the analyses. The 
school database was obtained from the open databases of the city 
council in 2017 (Ayuntamiento de Madrid, 2017). It provided infor-
mation on the UTM (Universal Transverse Mercator) coordinates of each 
school, which were geolocated using Geographic Information Systems 
(GIS) software (ArcGIS 10.6.) (ESRI, Redlands, CA, USA). 

2.2. Area-level covariates 

We procured data on a pre-defined SES index that had been used in 
previous studies to calculate the SES of each census tract in the city 
(Borrell et al., 2017; Díez et al., 2019; Gullón et al., 2017). Data of all the 
indicators used to generate the index were obtained for the year 2017 
from different databases: the municipal population census (Ayunta-
miento de Madrid, 2017), social security and employment services, and 
a real estate company (Idealista, http://www.idealista.com). We ob-
tained information on the census tract administrative boundaries from 
the Madrid Statistics Institute (https://www.madrid.org/iestadis/) by 
the year 2017. 

The SES index was based on 7 socioeconomic indicators: (1) low 
education (percentage of people above 25 years with primary studies or 
below), (2) high education (percentage of people above 25 years with 
university studies or above), (3) percentage of workers with part-time 
jobs, (4) percentage of workers with temporal jobs, (5) percentage of 
workers with non-qualified or manual employments, (6) average hous-
ing prices (per square meter) and (7) unemployment rates. To create the 
index, these 7 indicators were summarized in the 4 domains present in 
the Spanish Commission to Reduce Health Inequalities (Ministerio de 
Sanidad Servicios Sociales e Igualdad, 2015): education (1st and 2nd 
indicators), employment (3rd, 4th and 5th indicators), wealth (6th in-
dicator), and living conditions (7th indicator). A Z-score of each indi-
cator was obtained by centering by the mean and dividing by the 
standard deviation. Then, all variables within each domain were 
weighted equally, where de Z-score of each indicator was averaged to 
obtain a Z-score for the domain. Finally, the 4 domains were averaged 
and each of them had a weight of 0.25 in the final composite SES index. 
Census tracts were then categorized into quintiles of area-level SES. 

We also obtained data on population density at the census tract level, 
as population density can be predictor of the number of alcohol outlets 
(Morrison et al., 2016; Myran et al., 2019). This density measure was 
defined as the number of residents per square kilometer within each 
census tract (Díez et al., 2019). We used GIS to calculate the area within 
each census tract in square kilometers (sq. Km.) (ArcGIS 10.6 software, 
ESRI, Redlands, CA, USA). Population data within each census tract 
feature was also obtained from the municipal population census for the 
year 2017 (Ayuntamiento de Madrid, 2017). Census tracts were cate-
gorized into tertiles of population density. 

2.3. Alcohol density and proximity around schools 

Data on the location of on- and off-premise alcohol outlets was also 
obtained from the open databases of the City Council of Madrid in 2017 
(Ayuntamiento de Madrid, 2017). On-premise alcohol outlets were 
defined as those places where alcohol products could be purchased and 
consumed inside the venue, and included restaurants, bars, clubs, tav-
erns, show-bars and wine cellars. Off-premise alcohol outlets were 
defined as those where alcohol products could be purchased for con-
sumption elsewhere, and included supermarkets, small grocery stores, 
minimarkets, convenience stores and liquor stores (Vida Barea, 2009). 
Data on the UTM coordinates of the location of the entrances to each 
establishment were available in this database, and we geolocated them 
using ArcGIS Software 10.6. 

We estimated alcohol outlet density and proximity measures (all, on- 
and off-premise) around schools using GIS. For density estimations, we 
counted the number of alcohol outlets within pedestrian buffers of 200, 
400, and 800 meters (m) around each school. All the buffers were esti-
mated through the street network in order to represent the walkable 
areas around each school. These buffer sizes have been considered in 
previous studies (Díez et al., 2019; Henriksen et al., 2008). 

For proximity calculations, pedestrian street network distances were 
used to measure the proximity between schools and their nearest alcohol 
outlet. We chose pedestrian street network calculations since they might 
represent the real movement of the population through space more 
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accurately in comparison to measurements based on crow flies’ (straight 
line) distances (Frank et al., 2005; Pulakka et al., 2016). However, we 
conducted sensitivity analyses to see how the outcomes would differ 
among these two types of calculations using Bland-Altman tests. 

Both density and proximity measures were obtained through the 
ArcGIS software (ArcGIS 10.6, ESRI). Data on streets were obtained by 
Open Street Map (OSM) database (https://www.openstreetmap.org/) in 
2017. The street database included information about the features of 
each street in order to differentiate those street segments that were 
suitable for pedestrians. Moreover, other topographic data about the 
study area and its surrounding municipalities, such as water bodies and 
urbanized areas, were also downloaded for cartographic purposes. 

2.4. Statistical analyses 

A descriptive analysis was done in order to study the distribution of 
(1) the alcohol outlet density around schools (within buffers of 200 m, 
400 m, 800 m) and (2) the distances to the nearest alcohol outlet. 
Double-sided Kruskal-Wallis tests (CI 95%) were used to compare me-
dians of both measures by different school characteristics (i.e. school 
type, quintiles of SES, and tertiles of population density). This was done 
for all types of alcohol outlets, and for on-premise and off-premise 
outlets, separately. 

To examine the association between school and census tract char-
acteristics and alcohol outlet density, we used a negative binomial 
generalized linear mixed model, also known as a multilevel negative 
binomial model. We selected a negative binomial regression to account 
for the count nature and skewed distributions with over-dispersed data 
(where the variance is bigger than the mean) of the density variable. 
Secondly, to evaluate the association between school and census tracts 
characteristics and distance to the nearest alcohol outlet (log trans-
formed), we used a linear mixed model (multilevel model). In both 
cases, we included random intercepts for district, neighborhood and 
census tract levels. Area-level SES was added as the independent vari-
able and population density as a covariate. The typology of the schools 
(public or private) was not included in the models, since it did not add 
any information. The analyses were developed using the lme4 package 
(Bates et al., 2015) in R (R Core Team, 2019). 

3. Results 

We included a total of 576 schools, of which 129 were public and 447 
were private. Overall, schools had a mean number of 6.00, 26.00, and 
117.00 alcohol premises in 200 m, 400 m, and 800 m pedestrian 
network buffers, respectively (Table 1). For comparison, we found a 
mean of 8.30, 31.08, and 102.08 outlets around the schools within 200 
m, 400 m, and 800 m crow flies’ buffers, respectively. 

Using the 3 buffers (200, 400, and 800 m), private schools had 
significantly more alcohol outlets in their surroundings than public 
schools (p = 0.01, p = 0.02, p = 0.03; respectively). We also found 
significant differences when comparing the exposure to alcohol outlets 
around schools and area-level SES. Schools in tracts with the lowest SES 
quintile had a higher density of alcohol outlets within any of the three 
buffers in comparison to those located in the highest SES quintile (p <
0.01). Schools in middle-high SES areas also presented a high density of 
alcohol outlets. Schools in tracts with higher population densities also 
had a higher alcohol outlet density (p < 0.01). The distance to the 
nearest alcohol outlet was shorter in private schools (p = 0.04), middle- 
high and middle SES areas (p < 0.01) and areas with the highest pop-
ulation density (p < 0.01) (Table 1). 

We observed similar results when we explored the availability of on- 
and off-premise alcohol outlets separately (see supplementary material, 
Tables S1 and S2). Private schools had more on- and off-premise alcohol 
outlets in their surroundings than public schools. Schools placed in the 
most deprived areas and areas with higher population densities had 
higher densities of on- and off-premise outlets than those located in 
areas with high SES and low population densities. 

Data were depicted on maps to facilitate the interpretation of results. 
Fig. 1 represents the spatial distribution of public and private schools, 
and alcohol outlets in the city of Madrid, calculated using kernel density 
estimations to depict the number of schools or alcohol outlets within 1- 
km radius. Although both public and private schools seem to be evenly 
distributed throughout the city, private schools presented a higher 
concentration in central and northern districts of the city, where we 
could find more than 5.40 schools within a 1 km radius. The alcohol 
outlet density was higher in central districts of the city, especially in the 
Centro District where density values registered more than 473 outlets 
within a 1 km radius. Fig. 2 shows the spatial distribution of schools in 

Table 1 
Density of alcohol outlets around schools and median distance from schools to the closest alcohol outlet in Madrid (2017).  

Characteristics Counts of outlets (spatial density of outlets) Proximity (m) 

200 m 400 m 800 m 

Median (IQR) Median (IQR) Median (IQR) Median (IQR) 

Overall 6.00 (1.00–16.00) 26.00 (9.00–62.00) 117.00 (49.75–241.75) 82.03 (35.80–166.68) 
Funding 
Public (n = 129) 5.00 (1.00–10.00) 21.00 (9.00–37.00) 90.00 (52.00–164.00) 104.45 (44.04–177.76) 
Private (n = 447) 7.00 (1.50–18.00) 28.00 (9.00–70.50) 127.00 (48.00–268.00) 76.95 (35.03–165.92) 
p-value* 0.01 0.02 0.03 0.04 
Area-level SES (quintiles) 
Low – SES (Q1) 

(n = 70) 
8.00 (3.00–17.75) 29.00 (16.50–58.25) 127.00 (83.00–175.50) 84.00 (33.73–154.35) 

Middle – Low (Q2) 
(n = 114) 

5.00 (2.00–11.75) 26.00 (9.25–51.75) 103.50 (52.25–185.25) 83.44 (48.17–138.13) 

Middle (Q3) 
(n = 92) 

7.50 (3.00–14.00) 28.00 (16.50–51.25) 105.00 (71.50–188.25) 68.80 (31.15–119.50) 

Middle – High (Q4) (n = 88) 13.00 (4.00–35.00) 50.50 (17.75–147.75) 239.00 (67.25–548.25) 65.98 (21.07–115.82) 
High-SES (Q5) 

(n = 212) 
3.00 (0.00–12.00) 15.50 (4.00–58.00) 103.00 (30.00–277.75) 119.89 (43.84–226.16) 

p-value* <0.01 <0.01 <0.01 <0.01 
Population density (103 residents/km2, tertiles) 
Low (T1) 3.00 (1.00–8.00) 17.00 (5.00–35.00) 78.00 (34.00–149.50) 119.19 (56.27–222.00) 
Medium (T2) 16.00 (7.00–26.50) 65.00 (30.50–104.00) 226.00 (129.5–366.5) 46.31 (16.34–83.80) 
High (T3) 24.50 (14.50–35.00) 93.50 (56.50–130.75) 334.50 (233.25–457.00) 26.04 (15.66–57.41) 
p-value* <0.01 <0.01 <0.01 <0.01 

Footnote: *p-values come from Double-sided Kruskal-Wallis tests used to compare medians of density and proximity measures for the different school characteristics (i. 
e. school type, quintiles of SES, and tertiles of population density). 
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relation to the SES of the area calculated at census tract level. In this 
map, schools are represented by dots (public schools depicted as tri-
angles and private ones as circles). These dots also display information 
about the alcohol outlet density around each school (higher densities are 
represented by dark-colored dots and lower densities are represented by 
light-colored dots). SES area-level was represented as choropleths in 
green (darker greens representing higher SES). Schools with higher 
densities of alcohol outlets around them (dark color dots) were clustered 
in the central (middle-high SES areas) and southern districts of the city. 
These southern areas were categorized as low or middle-low SES areas 
(see Carabanchel, Usera, or Puente de Vallecas Districts). In contrast, 
most of the schools located in the Northern Districts of the city presented 
low alcohol density values around them (light color dots). In addition, 
most of these schools were also located in high SES areas (see Moncloa- 
Aravaca and Fuencarral-El Pardo districts, or the northern area of 
Chamartín and Northern and Southern parts of Hortaleza). 

3.1. Counts of alcohol outlets (on- and off-premises) around schools 

Adjusted for population density, schools in areas with high SES had 
the lowest density of alcohol outlets regardless of the buffer. Specif-
ically, schools in areas with high SES had 50% lower count (CI 95% 
20–69%) of outlets at a walking distance of 200 m from schools 
compared with those located in areas with low SES, adjusted by popu-
lation density (Table 2). This association was weaker for a 400 m buffer 
(37% lower density, 95% CI 2–59%) and not different from the null 
using a 800 m buffer (22% lower density, 95% CI -17% to +45%). We 
found a similar pattern when we analyzed on-premise (see supplemen-
tary material, Table S3) and off-premise (see supplementary material, 
Table S4) outlets separately, although associations were slightly stron-
ger for off-premise outlets (45% lower densities of on-premise outlets in 
200 m buffers for high SES vs low SES; 49%, 54%, and 41% lower 
densities of off-premise outlets in 200 m, 400 m, and 800 m buffers for 

high SES vs low SES). Last, adjusted for area-level SES, alcohol outlet 
density was highest in areas with higher population density. 

3.2. Distance to the nearest alcohol outlet 

Table 3 presents the results of models for the association between 
distance to the nearest alcohol outlet and school’s census tract charac-
teristics (SES and population density). We did not find a consistent 
pattern in the association between area-level SES and proximity to the 
nearest alcohol outlet, adjusted for population density. On the other 
hand, we found that areas with higher population density had a shorter 
distance to the nearest alcohol outlet, after adjusting for area-level SES. 

4. Discussion 

We found a very high density of alcohol outlets around secondary 
schools in the entire city of Madrid, with an average of 26 establishments 
in 400 m buffers around schools, and a median distance to the closest 
outlet of just 82 m. We also found that schools located in areas of higher 
SES had a lower density of alcohol outlets, after adjusting for population 
density. On the other hand, we found no association between area-level 
SES and proximity to the nearest alcohol outlet. We also described 
spatial patterns in alcohol outlet density around schools, finding pockets 
of areas with co-location of school and high density of alcohol outlets in 
the downtown area of Madrid and some of its Southern suburbs. 

The density of alcohol outlets we observed around secondary schools 
in Madrid was higher than those obtained in a similar study conducted 
in New Brunswick (Canada), which reported an average of between 3 
and 16 alcohol outlets around schools within a walking distance of 499 
m (Slaunwhite et al., 2017). Previous research has shown that alcohol 
outlet density around schools is associated with the likelihood of alcohol 
consumption and binge drinking amongst adolescents (Martins et al., 
2019; Mori-Gamarra et al., 2018). Higher densities of alcohol outlets 

Fig. 1. Spatial distribution of public schools, private schools and alcohol outlets in the city of Madrid, using kernel density estimations.  
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increase the ease of access and direct purchases among adolescents and 
contributes to the perception of alcohol consumption as a normative 
behavior (Tobler et al., 2011). Furthermore, alcohol outlets usually sell 
cheaper alcohol to teenagers when there are more outlets in the sur-
roundings, due to the increased competition between establishments 
(Chen et al., 2009; Gruenewald et al., 2014). 

In our study the median distance to the nearest alcohol outlet was 82 
m. This is a strikingly low distance taking into account that in other 
cities, such as Perth (Australia), only 15.5% of schools have liquor stores 
within a walking distance of 800 m (Trapp et al., 2018). However, we 

have to consider that European cities, such as Madrid, present a different 
urban morphology with a more compact land use planning in the space 
in comparison with North American or Australian cities, which, in 
contrast, tend to have a higher urban sprawl. In addition, European 

Fig. 2. Spatial distribution of socioeconomic status and schools according to their typology (public or private) and the availability of alcohol outlets within 200 m 
around them in Madrid (2017). 

Table 2 
Association between area-level socioeconomic status (quintiles) and density of 
total alcohol outlets (adjusted by density population) in Madrid (2017).   

Counts of outlets (spatial density of outlets) 

200 m 400 m 800 m 

IRR [95% CI] IRR [95% CI] IRR [95% CI] 

Area-level SES (quintiles) 
Low – SES (Q1) 1 1 1 
Middle – Low (Q2) 0.73 [0.52–1.03] 0.75 [0.55–1.02] 0.78 [0.60–1.03] 
Middle (Q3) 0.83 [0.56–1.23] 0.93 [0.64–1.35] 0.88 [0.64–1.23] 
Middle – High 

(Q4) 
0.67 [0.43–1.06] 0.75 [0.49–1.15] 0.81 [0.55–1.19] 

High-SES (Q5) 0.50 [0.31–0.80] 
* 

0.63 [0.41–0.98] 
* 

0.78 [0.53–1.17] 

Population density (103 residents/km2) 
Low (T1) 1 1 1 
Medium (T2) 2.04 [1.66–2.50] 

* 
1.96 [1.63–2.35] 
* 

1.60 [1.36–1.88] 
* 

High (T3) 2.68 [1.97–3.65] 
* 

2.13 [1.59–2.85] 
* 

1.69 [1.31–2.19] 
* 

(*) p < 0.05. 

Table 3 
Association between area-level socioeconomic status (quintiles) and distance to 
overall, on- and off-premise alcohol outlets in Madrid (2017).   

Distance to the 
nearest alcohol 
outlet 

Distance to the 
nearest on-premise 
alcohol outlet 

Distance to the nearest 
off-premise alcohol 
outlet 

β [95% CI] β [95% CI] β [95% CI] 

Area-level SES (quintiles) 
Low – SES 

(Q1) 
0 0 0 

Middle – 
Low (Q2) 

0.15 [-0.24-0.54] 0.01 [-0.36-0.39] 0.37 [0.02–0.71] * 

Middle 
(Q3) 

− 0.25 [-0.69- 
0.18] 

− 0.24 [-0.66-0.17] − 0.05 [-0.43-0.32] 

Middle – 
High 
(Q4) 

0.05 [-0.43-0.54] − 0.18 [-0.65-0.28] 0.26 [-0.14-0.67] 

High-SES 
(Q5) 

− 0.06 [-0.54- 
0.42] 

− 0.20 [-0.67-0.26] 0.34 [-0.05-0.73] 

Population density (103 residents/km2) 
Low (T1) 0 0 0 
Medium 

(T2) 
− 0.67 [-0.91 to 
− 0.43] * 

− 0.72 [-0.95 to 
− 0.49] * 

− 0.56 [-0.77 to − 0.34] 
* 

High (T3) − 0.82 [-1.21 to 
− 0.44] * 

− 0.66 [-1.07 to 
− 0.32] * 

− 0.88 [-1.22 to − 0.53] 
* 

β: Coefficient that represents differences in proximity (log transformed), the 
dependent variable. 
(*) p < 0.05. 
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cities also present a higher diversification of land uses through space 
(Kerr et al., 2012). Thus, the different urban features typical of European 
cities, like Madrid, might foster higher proximity to and density of 
alcohol outlets around schools. This phenomenon has already been 
described for the food environment, where comparisons between 
Southern European settings and Anglosaxon countries remains chal-
lenging (Díez et al., 2016). 

We found a difference in the density of alcohol outlets around 
schools depending on the SES of the area where they were located. Our 
findings show that at a walking distance of 200 m, secondary schools in 
high SES zones had 50% lower count of outlets compared with those 
located in low SES areas. Also, previous research in Australia (Badland 
et al., 2016), Canada (Myran et al., 2019; Slaunwhite et al., 2017), New 
Zealand (Huckle et al., 2008) or Scotland (Shortt et al., 2015), showed 
that schools and residences located in more deprived areas had higher 
alcohol accessibility. In our case of study in Madrid, this might be as a 
consequence of the land use distribution. High SES areas in Madrid are 
mostly represented by suburban neighborhoods located in the northern 
districts of the city, with predominantly residential land with low pop-
ulation density and a scarcity of stores and outlets. In contrast, low SES 
areas in the city are located in neighborhoods of the southern part of the 
city with higher population density and with relatively higher density of 
alcohol outlets. This means that adolescents who live in zones with 
lower SES and higher population densities in Madrid might have a 
higher risk of alcohol use and its related consequences. 

Similarly, we found high densities of alcohol outlets around those 
schools located in middle-high SES areas. A possible explanation for this 
might be that middle-high SES census tracts in Madrid mainly coincide 
with downtown areas characterized by a large offer for leisure and 
commercial activities, which therefore comprise the highest alcohol 
outlet densities (especially on-premise alcohol outlets) within the city 
(see Centro district with alcohol outlet densities upper than 473.61 
outlets per 1 km radius). While we adjusted for population density, the 
daily use of these areas goes beyond the resident population, as these are 
areas are frequented by tourists and also used for night entertainment. A 
recent study conducted in Barcelona (Spain) also found that higher 
densities of alcohol outlets are usually concentrated in downtown areas, 
where tourism and nightlife are common (Villalbí et al., 2019). 

The density of off-premise alcohol outlets and pedestrian network 
distance to the nearest off-premise outlet have also been linked to 
weekly alcohol use in adolescents and binge drinking (Young et al., 
2013). Our results highlighted that the median distances between sec-
ondary schools and alcohol outlets (on-premise or off-premise) were 
short, regardless of the SES level of the area where the school was 
located. This means that most adolescents in the city have access to an 
alcohol outlet at a walking distance of 1 min (82 m) from their schools 
(Zuniga-Teran et al., 2017). Similar results were found by Valiente et al. 
(2019) for tobacco retailers, where they did not find significant differ-
ences between area-level SES and proximity from schools to tobacco 
retailers in the same setting, but most of the tobacco retailers (75%) 
were located closer than 300 m from schools. Other studies in fast-food 
outlets (Bivoltsis et al., 2018; Díez et al., 2019) around schools did not 
find significant associations between SES and proximity to the nearest 
outlet either. In other words, in an environment with very high access to 
alcohol (or tobacco, or fast food) outlets, proximity does not seem to be a 
sensitive indicator of differences in access. 

Public policies are needed to address these inequalities in the 
availability of alcohol between neighborhoods. This includes an imple-
mentation of regulations from a multidisciplinary perspective, 
acknowledging which neighborhoods are at higher risk for adolescent 
alcohol consumption, and with an explicit aim to reduce inequalities. 
For example, research has shown that the implementation of restrictions 
on alcohol availability and an increase of the prices of products con-
taining this substance are some effective ways to reduce alcohol con-
sumption and its related burdens among adolescents (Babor and 
Caetano, 2005; Babor et al., 2003; Luty, 2016; Villalbí et al., 2019). In 

Spain, many food supermarkets and stores sell alcoholic beverages 
without a special license (Villalbí et al., 2014), which leads to an in-
crease of the accessibility and consumption of these products (Azar 
et al., 2016; Bosque-Prous et al., 2014; Sureda et al., 2018). 

The results of this paper are important as they may inform policies 
regulations that could be implemented in Spain to reduce alcohol 
availability around schools and decrease inequalities in alcohol expo-
sure. First, our findings shed light for the establishment of a mandatory 
minimum distance between schools and alcohol outlets. According to 
our results, minimum distances of at least 400 m might help to reduce 
the SES disparities on alcohol availability by area-level SES, since we 
find differences between SES areas in distances lower than 400 m, but 
not in longer distances (i.e. 800 m). 

Second, other effective measure that could complement the first one 
would be implementing national alcoholic beverage retailing monop-
olies, taking as an example countries such as Sweden or Finland (Alko, 
2020; Systembolaget, 2020). These monopolies would be the only entity 
in the country with retail license for alcoholic beverages containing 
more than a certain percentage of alcohol, which would make much 
easier the implementation of legal and spatial restrictions on the type of 
outlets which are allowed to sell alcohol and their geographical location. 
For example, Systembolaget has a strict monopoly status on alcohol sales 
to consumers in Sweden, except for on-premise outlets (restaurants and 
bars) where alcohol can be sold for immediate consumption. This leads 
to a lower availability of alcohol, stable prices (limiting competition 
between different retailers) and a consequent reduction of alcohol 
related-harm which is usually more linked to off-sales outlets than to 
on-sales ones (Forsyth and Davidson, 2010; Richardson et al., 2014). 
This reduction in availability would be important in the city of Madrid, 
where there is 1 alcohol outlet per 178 inhabitants (Pastor et al., 2020). 

This study has some limitations. Adolescents may not socialize with 
their peers or attend school in the same neighborhood where they live, 
thus, they might be exposed to alcohol outlets in other areas of the city 
that they frequent (Connell et al., 2010). Future studies could be focused 
in analyzing alcohol outlet densities in different areas where adolescents 
spend most of their time, and the social norms that determine alcohol 
consumption among them. Other limitation of our study is that we did 
not assess whether adolescents were able to procure alcohol at these 
outlets. Although the sale of these products is banned to minors in Spain, 
there is evidence that alcohol consumption is high among Spanish ad-
olescents, where 78% of the teenagers between 14 and 18 had tried 
alcohol at least once in their lives and a third of them reported binge 
drinking in the las 30 days (32.3%) (OEDA, 2019). In our future 
research, we will include information about alcohol consumption among 
individuals that attend school in areas with different SES, to assess this 
question and to see how density/proximity and SES mediate the con-
sumption at an individual level. The study also has some strengths. As 
far as we know, it is one of the first studies which evaluates both, the 
availability and accessibility of alcohol around schools in an European 
city. In addition, our study also analyzes on- and off-premise outlets, 
separately, giving a more detailed picture of the types of availability and 
the assessment of alcohol availability and accessibility (Pastor et al., 
2020). 

5. Conclusions 

Alcohol availability is high around public and private secondary 
schools in the city of Madrid. Schools located in the less deprived areas 
had lower densities of on- and off-premise alcohol outlets at walking 
distances of 200 and 400 m, compared to those located in low SES zones. 
No differences were found between areas for the proximity measure, 
however, the overall median distance for the closest outlet was very 
short. Since alcohol outlet density and proximity have been shown to 
contribute to alcohol consumption among adolescents, there is a need to 
implement more restrictive policies that limit this accessibility, 
including establishing minimum distances between schools and alcohol 
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outlets, limiting the number of outlets per inhabitant or implementing a 
retail monopoly system. These policies should be designed with a spe-
cific aim to reduce health inequalities. 
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Woods, J., 2018. Alcohol consumption and the physical availability of take-away 

alcohol: systematic reviews and meta-analyses of the days and hours of sale and 
outlet density. J. Stud. Alcohol Drugs 79 (1), 58–67. https://doi.org/10.15288/ 
jsad.2018.79.58. 

Shih, R.A., Mullins, L., Ewing, B.A., Miyashiro, L., Tucker, J.S., Pedersen, E.R., 
D’Amico, E.J., 2015. Associations between neighborhood alcohol availability and 
young adolescent alcohol use. Psychol. Addict. Behav. 29 (4), 950–959. https://doi. 
org/10.1037/adb0000081. 

Shortt, N.K., Tisch, C., Pearce, J., Mitchell, R., Richardson, E.A., Hill, S., Collin, J., 2015. 
A cross-sectional analysis of the relationship between tobacco and alcohol outlet 
density and neighbourhood deprivation. BMC Publ. Health 15 (1014), 1–9. https:// 
doi.org/10.1186/s12889-015-2321-1. 

Slaunwhite, A.K., McEachern, J., Ronis, S.T., Peters, P.A., 2017. Alcohol distribution 
reforms and school proximity to liquor sales outlets in New Brunswick. Can. J. Public 
Health 108 (5–6), e488–e496. https://doi.org/10.17269/cjph.108.6132. 

Subbaraman, M.S., Kerr, W.C., 2015. Simultaneous versus concurrent use of alcohol and 
cannabis in the National Alcohol Survey. Alcohol Clin. Exp. Res. 39 (5), 872–879. 
https://doi.org/10.1111/acer.12698. 

Sureda, X., Carreño, V., Espelt, A., Villalbí, J.R., Pearce, J., Franco, M., 2018. Alcohol in 
the city: wherever and whenever. Gac. Sanit. 32 (2), 172–175. https://doi.org/ 
10.1016/j.gaceta.2017.06.008. 

Systembolaget, 2020. Our Way of Working. https://www.omsystembolaget.se/english/o 
ur-way-of-working/our-way-of-working/. (Accessed 24 July 2020). 

Tobler, A.L., Livingston, M.D., Komro, K.A., 2011. Racial/ethnic differences in the 
etiology of alcohol use among urban adolescents. J. Stud. Alcohol Drugs 72 (5), 
799–810. https://doi.org/10.15288/jsad.2011.72.799. 

Trangenstein, P.J., Curriero, F.C., Webster, D., Jennings, J.M., Latkin, C., Eck, R., 
Jernigan, D.H., 2018. Outlet type, access to alcohol, and violent crime. Alcohol Clin. 
Exp. Res. 42 (11), 2234–2245. https://doi.org/10.1111/acer.13880. 

Trapp, G.S.A., Knuiman, M., Hooper, P., Foster, S., 2018. Proximity to liquor stores and 
adolescent alcohol intake: a prospective study. Am. J. Prev. Med. 54 (6), 825–830. 
https://doi.org/10.1016/j.amepre.2018.01.043. 

Valiente, R., Sureda, X., Bilal, U., Navas-Acien, A., Pearce, J., Franco, M., Escobar, F., 
2019. Regulating the local availability of tobacco retailing in Madrid, Spain: a GIS 
study to evaluate compliance. Tobac. Control 28 (3), 325–333. https://doi.org/ 
10.1136/tobaccocontrol-2018-054269. 

Vida Barea, J., 2009. Clasificación Nacional de Actividades Económicas (CNAE). 
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