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Abstract 

Background Asturias is one of the communities with the highest rates of hospital admission for asthma in Spain. 
The environmental pollution or people lifestyle are some of the factors that contribute to the appearance or aggrava‑
tion of this illness. The aim of this study was to show the spatial distribution of asthma admissions risks in the central 
municipalities of Asturias and to analyze the observed spatial patterns.

Methods Urgent hospital admissions for asthma and status asthmaticus occurred between 2016 to 2018 on the 
public hospitals of the central area of Asturias were used. Population data were assigned in 5 age groups. Standard‑
ised admission ratio (SAR), smoothed relative risk (SRR) and posterior risk probability (PP) were calculated for each cen‑
sus tract (CT). A spatial trend analysis was run, a spatial autocorrelation index (Morans I) was calculated and a cluster 
and outlier analysis (Anselin Local Morans I) was finally performed in order to analyze spatial clusters.

Results The total number of hospital urgent asthma admissions during the study period was 2324, 1475 (63.46%) 
men and 849 (36.56%) women. The municipalities with the highest values of SRR and PP were located on the north‑
west area: Avilés, Gozón, Carreño, Corvera de Asturias, Castrillón and Illas. A high risk cluster was found for the munici‑
palities of Avilés, Gozón y Corvera de Asturias.

Conclusions The spatial analysis showed high risk of hospitalization for asthma on the municipalities of the north‑
west area of the study, which highlight the existence of spatial inequalities on the distribution of urgent hospital 
admissions.
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 Background
Asthma is a chronic respiratory disease characterised by 
inflammation of the airways. The most common symp-
toms are breathing difficulties or shortness of breath, 
wheezing, chest tightness, and coughing, leading to 
expiratory airflow limitation [1].

The Global Burden of Disease (GBD) had estimated 
that, in 2017, more than 272 million individuals in the 
world would suffer from asthma [2]. Another study, 
which grouped the pathology into three groups―phy-
sician’s diagnosis, clinical asthma, and wheezing when 
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breathing―and took into consideration the answers to 
a questionnaire applied by the World Health Organisa-
tion (WHO), had estimated that the global prevalence of 
asthma would be 4.3, 4.5, and 8.6%, respectively, which 
suggests that there were about 623 million individuals in 
the world affected by asthma at some of its levels [3].

The incidence of asthma varies greatly between dif-
ferent countries. However, the greatest figures for this 
disease are found in developed countries, with Aus-
tralia (21.5%), Switzerland (20.2%), the United Kingdom 
(18.2%), and the Netherlands (15.3%) being the first four 
countries in the list of most affected countries [3]. A 
study conducted in several European cities in 2018 esti-
mated that between 5.5 and 72.4% of patients diagnosed 
with asthma were undergoing treatment [4]. In Spain, the 
prevalence of asthma was estimated between 5 and 14% 
[5]. A study conducted in the population of the Com-
munity of Madrid, Spain, estimated an increase of 14% 
in the incidence of asthma [6]. Another study conducted 
in Murcia, Spain, indicated that 56 and 44% of visits to 
paediatric emergency units corresponded to asthmatic 
attacks in boys and girls, respectively [7]. Asturias is one 
of the regions of Spain with the highest rates of asthma. 
Specifically, in 2015, the sanitary area of Avilés exhibited 
a rate of 11.44 points, standardised by age and sex per 
10,000 inhabitants, ranking in the last quintile, with an 
excess of 115 hospitalisations potentially avoidable [8].

Although asthma can develop at any age, its onset usu-
ally occurs during childhood, with greater incidence in 
boys than in girls. This fact is reversed when reaching 
adolescence, in which women begin to exhibit greater 
incidence of this disease [9]. There are multiple factors, 
both external (environmental allergens, air pollutants, 
etc.) and internal (genetic factors, individuals’ lifestyles), 
that can cause asthma onset or exacerbate its symptoms. 
Although there is great evidence that environmental fac-
tors exert a great influence on this disease, much is still 
unknown about how the interaction between these fac-
tors and genetics affects the development of asthma [10].

Tobacco smoke is one of the factors that can increase 
the risk of developing asthma, and also the risk of suffer-
ing asthma attacks and exacerbations of the disease [11]. 
Exposure to tobacco smoke during or after pregnancy is 
also a risk factor for the development of asthma in chil-
dren, increasing the risk of wheezing by up to 70%, and 
the number of asthmatic episodes by up to 85% [12]. 
Another determinant factor is exposure to environmen-
tal allergens such as pollen, which is a trigger for asth-
matic episodes, especially in children [13]. Overweight 
and obesity are also associated with increased incidence 
of asthma, reaching an increase of up to 50% in indi-
viduals who are overweight or obese [14]. The work 
environment also influences the onset of this disease. 

Work-related asthma refers to asthma caused by expo-
sure to different substances in the workplace. Two sub-
types of work-related asthma can be distinguished, 
namely: occupational asthma, when the disease devel-
ops without previous symptoms; and work-exacerbated 
asthma, which occurs when there was a previous diagno-
sis of the disease, but its condition worsens [15].

Asthma exacerbation also depends on atmospheric 
conditions such as temperature, relative air humid-
ity or concentration of atmospheric aerosols. A study 
conducted in Poland showed a significant correlation 
between the number of asthma exacerbation and the 
Universal Thermal Climate Index (UTCI), observed 
more frequent cases in patients aged over 65 years when 
air humidity increases [16]. A systematic review aiming 
the effect of meteorological variables on asthma hospi-
tal admissions an emergency department visits suggests 
that temperature and relative humidity but also thun-
derstorms were associated with hospital hospitalizations 
in adults [17]. A study in Taiwan concluded than a 1  °C 
temperature increase was a protective factor for asthma 
emergency visits both for paediatric and adult patients 
and refers the need of taking into account meteorological 
factors and air pollution on asthma acute exacerbation 
studies [18].

Finally, there are multiple studies in which exposure 
to air pollutants has been related to the risk of suffer-
ing respiratory diseases, including asthma [19–22]. Even 
maternal exposure to these pollutants can have short 
and long-term effects on the respiratory system of chil-
dren [23, 24]. A meta-analysis that included 87 studies 
and assessed the relationship between air pollution and 
the incidence of asthma, indicated a remarkable correla-
tion between two factors, namely: (a) ozone  (O3), carbon 
monoxide (CO), nitrogen dioxide (O), sulphur dioxide 
 (SO2), particulate matter ≤ 10  µm  (PM10), and ≤ 2.5  µm 
 (PM2.5); and (b) visits to emergency units and hospital 
admissions due to asthmatic crises [25]. It has been esti-
mated that, globally, between five and ten million visits 
to hospital emergency units due to asthmatic crises can 
be attributed to  PM2.5. This number represents between 
4 and 9% of annual visits [26]. In addition, exposure to 
air pollutants not only increases the risk of visits to emer-
gency units due to asthmatic crises, but also contributes 
to the development of chronic obstructive pulmonary 
disease (COPD) in patients who have previously suffered 
from asthma, which is known as COPD-asthma [27].

The application of geographic information systems 
(GIS) in public health studies has been increasing in 
recent years. With the use of GIS tools, it is possible to 
assess spatial distribution, the existence of clusters, spa-
tial–temporal evolution of different diseases, and gen-
erate risk maps both for the consultation of the citizens 



Page 3 of 11González‑Iglesias et al. BMC Public Health          (2023) 23:787  

and for creating plans to improve health services in risk 
areas. Thus, a study conducted in Jeddah, Saudi Ara-
bia, assessed the distribution and existence of clusters 
for three diseases, namely: diabetes; hypertension; and 
asthma, and made it possible to implement health plans 
in this city in order to improve healthcare services in the 
locations that exhibited greater risk of these diseases [4]. 
Another study conducted in Germany assessed the spa-
tial and temporal distribution of asthma in this country 
from 2009 to 2016. It allowed the implementation of spe-
cific control and prevention programmes in regions with 
greater incidence of asthma [28]. A study conducted in 
the metropolitan area of New York, USA, used GIS to 
map the distribution of asthma and assess its prevalence 
in children aged 13 to 17  years. The results obtained 
indicated greater prevalence of asthma in the poorest 
areas of the city [29]. Another study conducted in the 
city of Tehran, Iran, used GIS tools and machine learn-
ing techniques to detect areas prone to greater incidence 
of asthma due to environmental and spatial factors, and 
allow the development of preventive plans in these areas 
of high risk [30].

The present study used GIS tools to determine the dis-
tribution of asthma in the municipalities of the central 
area of Asturias, northern Spain, which is an area with 
a high population density and with important industrial 
sections. It was also intended to detect areas with greater 
incidence of this disease and generate possible hypoth-
eses that could explain the distributions observed.

Methods
This is an ecological study conducted at the census 
tract (CT) level using two data sources, namely: hospi-
tal records and population data. Hospital records were 
obtained from the Minimum Basic Data Set (MBDS) 
database which is regulated by current legislation [31], 
and corresponded to unscheduled (urgent) hospi-
tal admissions for J-45 (asthma) and J-46 (status asth-
maticus), according to the International Classification 
of Diseases (ICD-10). The Health Service of the Astu-
rias Government, responsible of the management of 
the MBDS database, approved the use of the database 
according to the Collaboration Agreement SV-PA-19–03. 
All records were hospital admissions (hospital stays), 
the MBDS database does not include emergency care 
that does not require hospitalization. The records cor-
responding to the 2016–2018 period were selected and 
grouped into a single disease, i.e., asthma. The data used 
corresponded to the four hospitals located in the centre 
of Asturias, namely: San Agustín University Hospital, in 
Avilés; Cabueñes University Hospital; Jove Hospital, in 
Gijón; and Central University Hospital of Asturias, in 

Oviedo, which were the reference hospitals for the popu-
lation included in this study.

The population data were obtained from the 2016 
Municipal Register of Inhabitants, and grouped by age 
groups (less than 15; 15 to 39; 40 to 64; 65 to 84; and 
85 or over) and sex. These data were provided by the 
Asturian Society for Economic and Industrial Studies 
(SADEI), with a total population of 705,968 inhabitants. 
The municipalities included in the present study were 
Avilés (80,114 inhabitants), Carreño (10,636 inhabitants), 
Castrillón (22,626 inhabitants), Corvera de Asturias 
(15,968 inhabitants), Gijón (273,422 inhabitants), Gozón 
(10,534 inhabitants), Illas (1,026 inhabitants), Llanera 
(13,846 inhabitants), Noreña (5,260 inhabitants), Oviedo 
(220,567 inhabitants), and Siero (51,969 inhabitants), 
which account for 67% of the total population of Asturias 
and 9.37% of its territory (Fig. 1).

The basic geographic unit used for the present study 
was the CT that corresponded to the smallest admin-
istrative unit that had information. The cartography 
used was that of 2016 provided by the Spanish National 
Institute of Statistics. The cartographic files used for the 
geocoding process were those provided by the munici-
palities of Oviedo, Gijón, and Avilés of specific doorway 
which cover both urban and rural areas; the data from 
the CartoCIUDAD project of the National Geographic 
Institute  was used for the other municipalities.  It has a 
good doorway coverage on urban areas but limited on 
rural areas. These datasets contain street number, street 
name, street type and ZIP code. It was also used the 
National Topographic Database BTN100, obtained from 
the National Geographic Institute to cover rural areas. 
The ArcGIS software was used for geocoding addresses 
in order to locate the residence addresses corresponding 
to each hospital admission. We create an Address loca-
tor as Single House type and a Multiple address locator 
based on villages and small towns for rural areas that had 
poor single house coverage. The geocoded records were 
linked to the CT by a spatial join and grouped by sex and 
age group.

The smoothed relative risk (SRR), calculated from 
the standardised admission ratio (SAR) by the indirect 
method, was used to assess the spatial distribution of 
admissions for asthma in the CT of the study area. SARs 
allow us to compare the total number of admissions 
observed for each CT with those we can expect accord-
ing to their populations, and taking into account their age 
structure. However, they show specific problems when 
used in low populated areas (small area estimation prob-
lems). In that situation it is necessary to resort to more 
elaborate statistical estimators, as SRR, which considers 
the dependency between different units of analysis and 
facilitate to recover reliable risk estimates. The Poisson 
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Fig. 1 Location of the study area
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spatial model with random effects developed by Besag, 
York and Mollie [32] was used as a smoothing model, 
which took into account the spatial adjacency of other 
CT in the area. Simplified Laplace approximation was 
used for performing Bayesian inference, following the 
integrated nested Laplace approximation (INLA) pro-
cedure [33, 34]. The SRR values are expressed in points 
by 100. In addition, posterior risk probability (PP), or 
posterior probability that the SRR was greater than 100, 
was calculated. PP values above 0.8 indicated statistically 
significant excess of hospitalisations. These calculations 
were made using the Stata v14 and R version 3.6.1 pro-
grammes, and the INLA library. A spatial trend analy-
sis was performed using the ArcGIS 10.4 geostatistical 
analysis tool. The trend analysis was performed in order 
to identify if there was any pattern on a specific direction 
of the map, this analysis provides a three-dimensional 
perspective of the data. It was performed as a second-
order polynomials and plotted on south-north/ west–
east directions. Pearson’s correlation coefficient measures 
the strength of a linear association between two variables 
and was added to the plots as ‘r’ value.

Finally, the Moran’s Index and the local indicator of 
spatial association (LISA) were used for the analysis 
of spatial clusters. Moran’s Index measures the spatial 
autocorrelation between the smoothed relative risks 
throughout the study area, and contrast the hypothesis of 
absence of global spatial autocorrelation versus the exist-
ence of spatial autocorrelation. The calculation of LISA 
let us detect if there is a possible spatial autocorrelation 
in a certain subset of spatial units. If it is statistically sig-
nificant and positive, it confirms the presence of a clus-
ter of similar values around the spatial unit, but, if it is 
negative, there will be a cluster of different values around 
the corresponding spatial unit (spatial outliers). Local 
Moran’s I analysis was performed under “Contiguity edge 
corners” as spatial relationship matrix, which is the most 
appropriate focus and provided the most understand-
able results for the study area. This approach means that 
polygons that share an edge or a corner will be included 

in computations for the target polygon. If any portion of 
two polygons overlap, they are considered neighbours 
and will be included in each other’s computations. The 
tools used to that end were ArcGIS Spatial Autocorrela-
tion (Moran’s I) and Cluster and Outlier Analysis (Anse-
lin local Moran’s I).

Results
There were 2,330 unscheduled hospital admissions for 
asthma during the study period and we were able to 
geocode 2,324 cases (99.7%), of which 1,475 (63.46%) 
corresponded to women and 849 (36.56%) to men. 
The age groups with the highest percentage of cases 
were <  = 14 years old, and 65 to 85 years old, with 32.10 
and 32.83% of admissions, respectively (Table  1). In 
women, the age group with the highest percentage of 
cases (39.46%) was 65 to 85 years old. On the other hand, 
for men, it was <  = 14  years old, with 54.30% of cases 
(Table  1). The number of admissions by age group was 
always higher in women, excepting those aged less than 
14 years, for whom this situation was reversed, given that 
men had higher number of admissions (Table 1).

There was a clear difference in the spatial distribution 
of admissions for asthma between the north and south of 
the study area for both men and women. The southern 
municipalities (Oviedo [11], Siero [9], Noreña [10] and 
Llanera [8]) exhibited low SRR values, i.e., below 65 in the 
majority of the CT. On the other hand, the municipali-
ties of the northern zone (Avilés [2], Gozón [3], Carreño 
[4], Corvera de Asturias [7], Castrillón [1], Illas [6] and 
the western part of Gijón [5]) exhibited high SRR values, 
exceeding 150 in most CT of these municipalities (Fig. 2).

The assessment of the smallest CT corresponding to 
the three largest urban areas of the region (Gijón [B], 
Oviedo [C] and Avilés [A]) indicated a clear pattern of 
high values in Avilés (above 150 in the great majority of 
CT for both sexes) and low values in Oviedo (below 65 in 
the vast majority of CT, also for both sexes). In the case of 
the urban area of Gijón, as in the municipality as a whole, 
great heterogeneity was observed in the distribution of 

Table 1 Distribution by age of the number of unscheduled admissions for asthma

TOTAL WOMEN MEN

Age group Nº of cases % Nº of cases % Nº of cases %

<  = 14 746 32.10 285 19.32 461 54.30

[15—40) 177 7.62 112 7.59 65 7.66

[40—65) 350 15.06 243 16.47 107 12.60

[65—85) 756 32.53 582 39.46 174 20.49

>  = 85 295 12.69 253 17.15 42 4.95

Total 2324 100 1475 100 849 100
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the SRR values in the CT. There seemed to be a predomi-
nance of CT with high values (above 110) only in the case 
of men.

The PP followed a similar distribution of the SRR, with 
low values (below 0.2) in the municipalities of the south-
ern zone (Oviedo [11], Siero [9], Noreña [10], and part 
of Llanera [8]), and high values (always above 0.8) in the 
northern one (Avilés [2], Gozón [3], Carreño [4], Corvera 
de Asturias [7], Castrillón [1], and Illas [6]) for both sexes 
(Fig. 3).

The values of the CT in urban areas (Gijón [B], Oviedo 
[C], and Avilés [A]) exhibited the same pattern observed 
in the municipalities, with low values in Oviedo, for both 
men and women (below 0.1 in the vast majority of the 
CT), and high values in Avilés, where there was certain 
difference between women and men, since the PP values 
in the CT of women were generally higher than in the 
case of men. In the case of the urban area of Gijón, great 
heterogeneity was observed in the PP values, especially 
in the case of women. The spatial trend graphs for SRR 
illustrate statistically significant arrangement of higher 

values, both for women and in men, as we move towards 
the north of the studied area (Fig. 4).

At a global level, a positive, moderate and statisti-
cally significant spatial autocorrelation was observed in 
the study area (Table  2). This result indicates the exist-
ence of similar risks of hospital admission for asthma in 
neighbouring geographic units, in other words, spatial 
clustering.

The distributions of high SRR values in the northern 
zone, and low in the southern zone were associated with 
the cluster of CT that exhibited high and low values, 
respectively, both being statistically significant (Fig. 5).

The cluster of CT with high SRR values occurred 
mainly in the municipalities located in the north of the 
studied area (Avilés [1], Gozón [3], and Corvera de Astu-
rias [7]). In the case of women, there was also a cluster of 
high values in the western area of Gijón (5) and in some 
CT of the Municipality of Carreño (4). On the other 
hand, for men, although the CT of the western area of 
Gijón (5) exhibited high SRR values, they hardly exhib-
ited statistically significant clusters. The low SRR values 

Fig. 2 Smoothed relative risk (SRR). 1: Castrillón; 2: Avilés; 3: Gozón; 4: Carreño; 5: Gijón; 6: Illas; 7: Corvera de Asturias; 8: Llanera; 9: Siero; 10: Noreña; 
and 11: Oviedo
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(< 65) observed in the Municipality of Oviedo (11) indi-
cated a statistically significant spatial clustering, which 
was more evident in the case of men. There was also 
an area in the east of the Municipality of Siero (9) that 
exhibited a cluster of CT with low SRR values, and was 
statistically significant (< 65) only in the case of men.

Regarding the urban areas of the municipalities, there 
was a cluster with statistically significant high values 
(above 150 in most of the CT) in the urban nucleus of 
Avilés (A), more evident in women, excluding the CT 
located near the city centre that did not exhibit statisti-
cally significant clustering. The urban centre of Oviedo 
(C) had a statistically significant cluster of CT with low 
SRR values (< 65) for men. In the case of women, this 
clustering was not so wide. In Gijón (B), as mentioned 
above, there was great heterogeneity in the SRR values in 
the case of women; therefore, there were no clusters. On 
the other hand, for men, although there was also a signifi-
cant heterogeneity, the SRR values were generally higher, 
and the cluster analysis indicated some CT with statisti-
cally significant high values (> = 150).

Discussion
The cumulative incidence of unscheduled hospital admis-
sions for asthma from 2016 to 2018 was 0.33% for the 
total population of the central area, this incidence being 
higher in women (0.4%) than in men (0.25%). The spa-
tial distribution of these admissions in the central area 
of Asturias indicated a clear north–south pattern with 
the highest values and, therefore, the highest risk in the 
northern municipalities (Avilés, Gozón, Carreño, Cor-
vera de Asturias, Castrillón, and Illas). This result was 
corroborated by the subsequent cluster analysis, which 
revealed the existence of CT clusters with high risk val-
ues, not due to chance, in the municipalities of Avilés, 
Gozón, and Corvera de Asturias.

The results obtained assessing the number of cases by 
age groups and sex are consistent with those of other 
studies that found higher prevalence of this disease in 
women [9]. This situation was reversed in adolescents 
(< = 14  years), since men had higher number of asthma 
cases. Some authors have pointed to a regulatory role of 
hormones to explain this change [34].

Fig. 3 Posterior risk probability (PP). 1: Castrillón; 2: Avilés; 3: Gozón; 4: Carreño; 5: Gijón; 6: Illas; 7: Corvera de Asturias; 8: Llanera; 9: Siero; 10: Noreña; 
and 11: Oviedo
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A possible explanation for the heterogeneous geo-
graphical distribution of the incidence of asthma in this 
study could be air pollution, since the areas that seemed 
to be at greater risk of hospital admissions for asthma 
where those with many industries in Asturias [35]. This 
fact entails greater amounts of polluting substances being 

emitted, both from the industry and from the road traffic 
associated with it [36]. Thus, living close to the industries 
that are present in the study area, mainly metal produc-
tion and processing installations, have been associated 
with lung cancer risk in the literature [37]. Air pollut-
ants exert a great influence as asthma triggers, both for 

Fig. 4 Spatial trend. A) Women; b) Men; r: Pearson’s correlation coefficient; * statistically significant 

Table 2 Summary of global Moran’s I

W Women, M Men

Moran’s Index Expected Index Variance z-score p-value

W M W M W M W M W M

0.6899 0.6104 ‑0.0018 ‑0.0018 0.0006 0.0006 28.2912 25.1469 < 0.0001 < 0.0001
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promoting the onset of the disease and exacerbating its 
symptoms. A study conducted in Atlanta, USA, assessed 
the association between asthma morbidity and the com-
bination of different types of pollutants, and found 
greater asthma morbidity on days when there was high 
or moderate concentration of primary pollutants coming 
from vehicles, and secondary pollutants [38]. Another 
study conducted with data on admissions to emergency 
units for respiratory diseases, including asthma, in five 
European cities, found an important association between 
high concentration of ultrafine particles and admissions 
to the emergency units, especially of young individu-
als aged 0 to 14 years [39]. A meta-analysis that assessed 
the association between the concentration of  NO2 and 
various respiratory diseases in China indicated that the 
increase in 10 µg of  NO2 corresponded to a 1% increase 
in hospital admissions [40]. Improving the epidemiologi-
cal surveillance system for air quality in the region could 
help to reduce the intraregional heterogeneity detected.

The geographical disparity found on hospital admis-
sions for asthma on this study may be influence also by 

meteorological aspects, as shown on several studies that 
take into account climate variables and their influence on 
asthma exacerbations [16, 17, 41]. The CTs on our study 
that present a higher incidence are coastal areas with 
high relative humidity and warm temperatures that could 
be influencing admissions due to asthma.

The existence of unequal distributions of hospital 
admissions due to asthma has also been observed in 
other studies. In Germany, urban areas had higher inci-
dence of asthma than rural areas [28]. Likewise, in a 
study conducted in Tehran, Iran, a strong spatial corre-
lation was observed between the distance to parks and 
streets and the prevalence of asthma [30]. Similarly, a 
study conducted to assess the spatial distribution of three 
diseases in Jeddah, Saudi Arabia, found clusters with 
high values for asthma in urban areas, and clusters with 
lower values in less urbanised peripheral areas [4]. The 
central area of Asturias concentrates almost 70% of the 
population of the region in a quite small territory, and the 
higher incidence was observed on suburban areas and 
industrial land. In addition, the distribution of the risk of 

Fig. 5 Spatial clusters—Anselin local Moran’s I (LISA). 1: Castrillón; 2: Aviles; 3: Gozón; 4: Carreño; 5: Gijón; 6: Illas; 7: Corvera de Asturias; 8: Llanera; 9: 
Siero; 10: Noreña; and 11: Oviedo
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admission due to asthma observed in the present study is 
in line with the distribution of other diseases associated 
with environmental pollution, such as acute myocardial 
infarction, angina pectoris, and chronic obstructive pul-
monary disease, published in other studies [42, 43].

Socioeconomic factors could be another explanation 
for the distribution of this disease [44]. Accordingly, the 
areas with the highest deprivation in the three main cities 
of the study area, published in the web app http:// www. 
uv. es/ medea/ medea pp. html (accessed on 20 Dec 2022) 
largely coincide with areas with high incidence rates. 
Being a smoker and being obese or overweight are other 
risk factors for asthma, thus increasing the incidence of 
this disease [11, 14]. Asturias is a region where the obe-
sity rate is one of the highest in Spain and the percentage 
of heavy smokers is also one of the highest in the country, 
which contributes to the burden of disease [45].

One of the main limitations of the present study was 
that, due to the lack of studies addressing the associa-
tion with pollutants and the diversity of factors that affect 
the onset of the disease, only the distribution of hospi-
tal admissions due to asthma in the central area of Astu-
rias could be assessed. However, this distribution could 
not be attributed to a specific cause but to many differ-
ent ones that act together. It should also be taken into 
account that the addresses considered in the study might 
not be the place where those individuals spent most of 
their time.

Conclusions
A cluster of CT with high risk of hospital admissions due 
to asthma was observed in the north-western part of the 
study area. This finding highlights the existence of spatial 
inequalities in health possibly indicating different envi-
ronmental exposures. It also draws attention to the need 
of conducting further in-depth studies in these areas, in 
order to know the cause of this high incidence of hospi-
tal admissions and perform actions to control these fac-
tors, thus improving the epidemiological condition in the 
municipalities assessed.

Abbreviations
CO  Carbon monoxide
COPD  Chronic obstructive pulmonary disease
CT  Census Tracts
GBD  The Global Burden of Disease
GIS  Geographic information systems
ICD‑10  International Classification of Diseases
INLA  Integrated nested Laplace approximation
LISA  Local indicator of spatial association
MBDS  Minimum Basic Data Set
NO2  Nitrogen dioxide
O3  Ozone
PM10  Particulate matter ≤ 10 µm
PM2.5  Particulate matter ≤ 2.5 µm
PP  Posterior risk probability

SADEI  Asturian Society for Economic and Industrial Studies
SO2  Sulphur dioxide
SRR  Smoothed relative risk
WHO  World Health Organisation

Acknowledgements
We thank Proof‑Reading‑Service (http:// www. proof‑ readi ng‑ servi ce. com) for 
editing a draft of this manuscript.

Authors’ contributions
VGI: formal analysis, investigation, methodology, visualization, writing original 
draft, writing, review and editing. IMP.: formal analysis, methodology, visualiza‑
tion, writing, review and editing. VRS: conceptualization, supervision, project 
administration, funding acquisition, writing, review and editing. AFS: con‑
ceptualization, investigation, methodology, project administration, funding 
acquisition, supervision, writing, review and editing. All authors have read and 
agreed to the published version of the manuscript.

Funding
This research was funded by Subvención nominativa del Principado de 
Asturias—Salud y Medio Ambiente (SV‑PA‑19–03), Instituto de Salud Carlos 
III ISCIII‑FEDER (PI18/01313), Obra Social Cajastur/Fundación Liberbank, and 
Universidad de Oviedo.

Availability of data and materials
The datasets generated and/or analysed during the current study are not pub‑
licly available due to privacy issues given the small size of the units of study, 
but are available from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The study was conducted according to the guidelines of the Declaration of 
Helsinki. The Health Service of the Asturias Government, responsible of the 
management of the RAE‑CMBD database, approved the use of the database 
according to the Collaboration Agreement SV‑PA‑19–03. The study used 
anonymized data from RAE‑CMBD database. The identity of human subjects 
cannot be ascertained directly or through identifiers linked to the subjects. 
The investigators did not contact the subjects and did not reidentify subjects. 
Since it is a retrospective ecological study, secondary data are used, no human 
participants were recruited, and it does not include experiments on humans 
and/or use of human tissue samples. A waiver to consent to participate was 
granted by the Health Service of the Asturias Government.

Consent for publication
The publication of the study results was approved by the Health Service of the 
Asturias Government, responsible for managing the data file, according to the 
Collaboration Agreement SV‑PA‑19–03.

Competing interests
The authors declare no competing interests.

Received: 3 November 2021   Accepted: 22 April 2023

References
 1. Global Initiative for Asthma. Global strategy for asthma management and 

prevention. 2021. https:// www. ginas thma. org. 
 2. James SL, Abate D, Abate KH, Abay SM, Abbafati C, Abbasi N, et al. 

Global, regional, and national incidence, prevalence, and years lived with 
disability for 354 diseases and injuries for 195 countries and territories, 
1990–2017: a systematic analysis for the Global Burden of Disease Study 
2017. Lancet. 2018;392:1789–858.

 3. To T, Stanojevic S, Moores G, Gershon AS, Bateman ED, Cruz AA, et al. 
Global asthma prevalence in adults : findings from the cross‑sectional 
world health survey. BMC Public Health. 2012;12:204.

http://www.uv.es/medea/medeapp.html
http://www.uv.es/medea/medeapp.html
http://www.proof-reading-service.com
https://www.ginasthma.org


Page 11 of 11González‑Iglesias et al. BMC Public Health          (2023) 23:787  

 4. Murad A, Khashoggi BF. Using GIS for Disease Mapping and Clustering in 
Jeddah. Saudi Arabia: ISPRS Int J Geo‑Info. 2020;9(5):328–40.

 5. Ordoqui García E, Orta Martiartu M, Lázcoz Rojas JL. Asma Laboral. Inst Vasco 
Segur y Salud Laborales. 2012;1:58.

 6. López Pereira P, María Gandarillas Grande A, Díez Gañán L, Ordobás Gavín 
M, Patricia López Pereira C. Evolución de la prevalencia de asma y factores 
sociodemográficos y de salud asociados en población de 18 a 64 años de la 
Comunidad de Madrid (1996–2013). Rev Esp Salud Pública. 2017;91:1–14.

 7. Ortega‑García JA, Martínez‑Hernández I, Boldo E, Cárceles‑Álvarez A, Solano‑
Navarro C, Ramis R, et al. Contaminación atmosférica urbana e ingresos 
hospitalarios por asma y enfermedades respiratorias agudas en la ciudad de 
Murcia (España). An Pediatría. 2020;93(2):95–102.

 8. Angulo‑Pueyo E, Martínez‑Lizaga N, Ridao‑López M, García‑Armesto S, 
Bernal‑Delgado E. Evolución de las hospitalizaciones potencialmente evi‑
tables por condiciones crónicas en España [Trend in potentially avoidable 
hospitalisations for chronic conditions in Spain]. Gac Sanit. 2016;30(1):52–4.

 9. Dharmage SC, Perret JL, Custovic A. Epidemiology of asthma in children and 
adults. Front Pediatr. 2019;7:246.

 10. Global Asthma Network. The Global Asthma Report 2018. Auckland, New 
Zealand: Global Asthma Network; 2018.

 11. Mcleish AC, Zvolensky MJ. Asthma and cigarette smoking: A review of the 
empirical literature. J Asthma. 2010;47:345.

 12. Burke H, Leonardi‑Bee J, Hashim A, Pine‑Abata H, Chen Y, Cook DG, et al. 
Prenatal and passive smoke exposure and incidence of asthma and wheeze: 
Systematic review and meta‑analysis. Pediatrics. 2012;129:735–44.

 13. Erbas B, Jazayeri M, Lambert KA, Katelaris CH, Prendergast LA, Tham R, et al. 
Outdoor pollen is a trigger of child and adolescent asthma emergency 
department presentations: a systematic review and meta‑analysis. Allergy. 
2018;73:1632–41.

 14. Beuther DA, Sutherland ER. Overweight, obesity, and incident asthma: A 
meta‑analysis of prospective epidemiologic studies. Am J Respir Crit Care 
Med. 2007;175:661.

 15. Tarlo SM, Balmes J, Balkissoon R, et al. Diagnosis and management of 
work‑related asthma: American College Of Chest Physicians Consensus 
Statement. Chest. 2008;134(3 Suppl):1S‑41S.

 16. Romaszko‑Wojtowicz A, Cymes I, Dragańska E, Doboszyńska A, Romaszko J, 
Glińska‑Lewczuk K. Relationship between biometeorological factors and the 
number of hospitalizations due to asthma. Sci Rep. 2020;10:9593. https:// 
doi. org/ 10. 1038/ S41598‑ 020‑ 66746‑8.

 17. Bodaghkhani E, Mahdavian M, Maclellan C, Farrell A, Asghari S. Effects of 
meteorological factors on hospitalizations in adult patients with asthma: a 
systematic review. Can Respir J. 2019;2019:3435103.

 18. Yu HR, Lin CHR, Tsai JH, Hsieh YT, Tsai TA, Tsai CK, et al. A multifactorial evalua‑
tion of the effects of air pollution and meteorological factors on asthma 
exacerbation. Int J Environ Res Public Health. 2020;17:4010.

 19. Yang W, Omaye ST. Air pollutants, oxidative stress and human health. Mutat 
Res. 2009;674:45–54.

 20. Orellano P, Quaranta N, Reynoso J, Balbi B, Vasquez J. Effect of outdoor air 
pollution on asthma exacerbations in children and adults: systematic review 
and multilevel meta‑analysis. PLoS One. 2017;12:1–15.

 21. Slama A, Śliwczyński A, Woźnica J, Zdrolik M, Wiśnicki B, Kubajek J, et al. 
Impact of air pollution on hospital admissions with a focus on res‑
piratory diseases: a time‑series multi‑city analysis. Environ Sci Pollut Res. 
2019;26:16998–7009.

 22. Manisalidis I, Stavropoulou E, Stavropoulos A, Bezirtzoglou E. Environmental 
and health impacts of air pollution: a review. Front Public Heal. 2020;8:1–13.

 23. Deng Q, Lu C, Li Y, Sundell J, Norbäck D. Exposure to outdoor air pollution 
during trimesters of pregnancy and childhood asthma, allergic rhinitis, and 
eczema. Environ Res. 2016;150:119.

 24. Kim D, Chen Z, Zhou L‑F, Huang S‑X. Air pollutants and early origins of 
respiratory diseases. Chronic Dis Transl Med. 2018;4:75–94.

 25. Zheng XY, Ding H, Jiang LN, Chen SW, Zheng JP, Qiu M, et al. Association 
between Air pollutants and asthma emergency room visits and hospital 
admissions in time series studies: a systematic review and meta‑Analysis. 
PLoS One. 2015;10:e0138146.

 26. Anenberg SC, Henze DK, Tinney V, Kinney PL, Raich W, Fann N, et al. 
Estimates of the global burden of ambient PM2:5, ozone, and NO2 on 
asthma incidence and emergency room visits. Environ Health Perspect. 
2018;126:1–14.

 27. To T, Zhu J, Larsen K, Simatovic J, Feldman L, Ryckman K, et al. Progression 
from asthma to chronic obstructive pulmonary disease is air pollution a risk 
factor? Am J Respir Crit Care Med. 2016;194:429–38.

 28. Akmatov MK, Holstiege J, Steffen A, Bätzing J. Trends and regional distribu‑
tion of outpatient claims for asthma, 2009–2016 Germany. Bull World Health 
Organ. 2020;98:40.

 29. Rob MA. Applications of Geographical Information Systems in understand‑
ing spatial distribution of asthma. Informing Sci. 2003;6:89.

 30. Razavi‑Termeh SV, Sadeghi‑Niaraki A, Choi SM. Asthma‑prone areas mod‑
eling using a machine learning model. Sci Rep. 2021;11:1912.

 31. Ministerio de Sanidad Servicios Sociales e Igualdad. Real Decreto 69/2015, 
de 6 de febrero, por el que se regula el Registro de Actividad de Atención 
Sanitaria Especializada. 2015. https:// www. boe. es/ buscar/ act. php? id= 
BOE‑A‑ 2015‑ 1235.

 32. Besag J, York J, Mollié A. Bayesian image restoration, with two applications in 
spatial statistics. Ann Inst Stat Math. 1991;43:1–20. https:// doi. org/ 10. 1007/ 
BF001 16466.

 33. Lindgren F, Rue H. Bayesian Spatial Modelling with R‑INLA. JSS J Stat Softw. 
2015;63. http:// www. jstat soft. org/. Accessed 2 Apr 2020.

 34. Arathimos R, Granell R, Haycock P, Richmond RC, Yarmolinsky J, Relton CL, 
et al. Genetic and observational evidence supports a causal role of sex 
hormones on the development of asthma. Thorax. 2019;74:633–42.

 35. Observatorio de Salud en Asturias. Indicadores de Salud. Nivel de contami‑
nación del aire. 2019. https:// obsal udast urias. com/ obsa/? indic ador= nivel‑ 
de‑ conta minac ion‑ del‑ aire& tipo= 0& anio= 2019. Accessed 7 Oct 2022.

 36. Fernández‑Somoano A, Tardon A. Socioeconomic status and exposure 
to outdoor NO2 and benzene in the Asturias INMA birth cohort. Spain J 
Epidemiol Community Health. 2014;68:29–36.

 37. López‑Cima M, García‑Pérez J, Pérez‑Gómez B, Aragonés N, López‑Abente 
G, Tardón A, et al. Lung cancer risk and pollution in an industrial region of 
Northern Spain: a hospital‑based case‑control study. Int J Health Geogr. 
2011;10:10. https:// doi. org/ 10. 1186/ 1476‑ 072X‑ 10‑ 10.

 38. Pearce JL, Waller LA, Mulholland JA, Sarnat SE, Strickland MJ, Chang HH, 
et al. Exploring associations between multipollutant day types and asthma 
morbidity: Epidemiologic applications of self‑organizing map ambient air 
quality classifications. Environ Heal A Glob Access Sci Source. 2015;14:55.

 39. Samoli E, Andersen ZJ, Katsouyanni K, Hennig F, Kuhlbusch TAJ, Bellander T, 
et al. Exposure to ultrafine particles and respiratory hospitalisations in five 
European cities. Eur Respir J. 2016;48:674–82.

 40. Sun J, Barnes AJ, He D, Wang M, Wang J. Systematic review and meta‑anal‑
ysis of the association between ambient nitrogen dioxide and respiratory 
disease in China. Int J Environ Res Public Health. 2017;14:646.

 41. Zanolin ME, Pattaro C, Corsico A, Bugiani M, Carrozzi L, Casali L, et al. The role 
of climate on the geographic variability of asthma, allergic rhinitis and res‑
piratory symptoms: results from the Italian study of asthma in young adults. 
Allergy. 2004;59:306–14. https:// doi. org/ 10. 1046/J. 1398‑ 9995. 2003. 00391.X.

 42. Rodríguez‑Suárez V, Fernández‑Somoano A, Martínez‑Pérez I. Calidad del 
aire y salud en Asturias. Informe epidemiológico ‑ Análisis espacial del área 
central 2016–2018. Oviedo; 2020. https:// www. astur salud. es/ notic ias/‑/ 
notic ias/ calid ad‑ del‑ aire‑y‑ salud‑ en‑ astur ias‑ infor me‑ epide miolo gico‑ anali 
sis‑ espac vial‑ del‑ area‑ centr al‑ 2016‑ 2018.

 43. Martínez‑Pérez I, González‑Iglesias V, Suárez VR, Fernández‑Somoano A. Spa‑
tial distribution of hospitalizations for ischemic heart diseases in the central 
region of asturias, Spain. Int J Environ Res Public Health. 2021;18:12320.

 44. Veiga RV, Barbosa HJC, Bernardino HS, Freitas JM, Feitosa CA, Matos SMA, 
et al. Multiobjective grammar‑based genetic programming applied 
to the study of asthma and allergy epidemiology. BMC Bioinformatics. 
2018;19:1–16.

 45. Argüelles Suárez MV, Suárez Álvarez O, Cofiño Fernández R. Informe de 
situación de salud en Asturias. Oviedo: Observatorio de la Salud en Asturias 
‑ Consejería de Sanidad del Principado de Asturias. 2018.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1038/S41598-020-66746-8
https://doi.org/10.1038/S41598-020-66746-8
https://www.boe.es/buscar/act.php?id=BOE-A-2015-1235
https://www.boe.es/buscar/act.php?id=BOE-A-2015-1235
https://doi.org/10.1007/BF00116466
https://doi.org/10.1007/BF00116466
http://www.jstatsoft.org/
https://obsaludasturias.com/obsa/?indicador=nivel-de-contaminacion-del-aire&tipo=0&anio=2019
https://obsaludasturias.com/obsa/?indicador=nivel-de-contaminacion-del-aire&tipo=0&anio=2019
https://doi.org/10.1186/1476-072X-10-10
https://doi.org/10.1046/J.1398-9995.2003.00391.X
https://www.astursalud.es/noticias/-/noticias/calidad-del-aire-y-salud-en-asturias-informe-epidemiologico-analisis-espacvial-del-area-central-2016-2018
https://www.astursalud.es/noticias/-/noticias/calidad-del-aire-y-salud-en-asturias-informe-epidemiologico-analisis-espacvial-del-area-central-2016-2018
https://www.astursalud.es/noticias/-/noticias/calidad-del-aire-y-salud-en-asturias-informe-epidemiologico-analisis-espacvial-del-area-central-2016-2018

	Spatial distribution of hospital admissions for asthma in the central area of Asturias, Northern Spain
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	 Background
	Methods
	Results
	Discussion
	Conclusions
	Acknowledgements
	References


