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Abstract The continued availability of products at any store
is the major issue in order to provide good customer service. If
the store is a drugstore this matter reaches a greater importance, as out of stock of a drug when there is high demand
causes problems and tensions in the healthcare system. There
are numerous studies of the impact this issue has on patients.
The lack of any drug in a pharmacy in certain seasons is very
common, especially when some external factors proliferate
favoring the occurrence of certain diseases. This study focuses
on a particular drug consumed in the city of Jaen, southern
Andalucia, Spain. Our goal is to determine in advance the
Salbutamol demand. Advanced data mining techniques have
been used with spatial variables. These last have a key role to
generate an effective model. In this research we have used the
attributes that are associated with Salbutamol demand and it
has been generated a very accurate prediction model of 5.78%
of mean absolute error. This is a very encouraging data considering that the consumption of this drug in Jaen varies 500%
from one period to another.
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Introduction
Currently in health systems consumption of drugs is common
and necessary to cure some diseases, prevent, minimize symptoms, etc. Drugs are essential into any health system and are
one of the main tools used by health professionals to treat
pathologies. Therefore it is critical that these medicines are
available at all times to be prescribed to patients. In 2013
Bateman [1] addressed the problem by implementing a software tool in Nigeria in order to manage the use of medicines to
minimize the shortage of essential drugs. In essence, the main
purpose was not to endanger the lives of thousands. In 2013
Kwender [2] confirm shortages of drugs is a serious and growing threat, and it has tripled since 2005 to 2010, causing situations that seriously endanger the lives of patients. These
problems concern the sanitary community for decades. The
literature contains ancient works, Chin [3] in 1984, which
describes how the use of administrative reports in the department of the hospital pharmacy was implanted with the aim of
monitoring problems of drugs supply and helping the purchasing managers to keep the stock of drugs. Numerous studies
describe the consequences of shortages of certain drugs and
assess the negative effects they would have on certain types of
patients [4–7]. In conclusion, the need to have proper control
of the stock of drugs in pharmacies to avoid the adverse effects
that on the health system implies is clairvoyance.
At certain times of the year coinciding with periods of seasonal changes, an increase of people suffering from a specific
pathology occurs. Such is the case of cold or flu. The symptoms
of these conditions often results in bronchospasms, bronchial
asthma and other processes associated with reversible airway
obstruction [8]. In these cases there are drugs with specific active
ingredients to treat these symptoms. One example is Salbutamol.
This is a class of medications called bronchodilators, relaxes and
opens air passages to the lungs, making breathing easier. It is
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widely used to prevent and treat bronchospasm symptomatic,
and also in patients with chronic obstructive pulmonary disease
[9, 10]. Because of its effectiveness and the increase of such
diseases at certain times of the year, sometimes the demand for
this active ingredient increases dramatically.
If there is analyzed the consumption data of Salbutamol in
Jaen city during 2010, 2011, 2012, 2013 and 2014 years, a large
data fluctuation is shown in the graphs, Fig. 1. In some cases
there is a difference nearly 500% from one period to another.
However, at certain times it is observed a similar trend which is
the case in the spring period when flowering takes place. The
flowering in spring, when temperatures are high, causes many
pollen allergic people have to go to the health care center for
their Salbutamol prescriptions. Therefore here is the reason for
maximum Salbutamol consumption during spring period in the
four years. However, despite the similarity in consumption
growth during the spring, if we analyze the numerical data in
detail, large differences from one year to another are observed.
Such is the case in May (Table 1). As shown in the last 5 years,
the average number of patients who have requested Salbutamol
in May in a pharmacy has been of 517. But if we analyze annual
data is wide variation from one year to another is detected: in
2014 the demand increased by 8.32% on average, in 2013
demand fell by 26.50% in 2011 demand increased by almost
30% on average.
After the arrival of summer time the consumption decreases reaching minimum values during the months with
maximum temperatures in Jaen, increasing again the consumption during the colder months. Therefore typical environmental factors of this period of time seem to be clue for
the development of certain diseases whose symptoms are
treated with Salbutamol.
With this scenario, it is very difficult for the pharmacy to
order certain medically based on historical consumption data.
However this practice has certain limitations, especially those
drugs whose variation in consumption is very high and is
closely related to the environmental, meteorological factors
Fig. 1 Number of requests for
Salbutamol in a pharmacy of Jaen
from 2010 to 2014

Table 1 Number of requests for Salbutamol in a pharmacy of Jaen
from 2010 to 2014 in May.
Salbutamol consumption

Deviation from mean value

2010
2011
2012
2013

525
670
450
380

1,55%
29,59%
−12,96%
−26,50%

2014
Mean value

560
517

8,32%

and the type of population served by the pharmacy (pediatric,
geriatric, etc.). Our model enhances this approach by considering these factors and gives pharmacies a real data on the
demand for these drugs that will be.
In this sense, taking as an example the demand for this drug
during the years 2010 and 2014 and analyzing the evolution of
external factors during this period, it is possible to establish a
relationship. This study aims to generate a predictive model of
the demand for drugs. As an example and for training the
study has focused on the use of the active principle of
Salbutamol, and to compare the data resulted have been used
data on consumption in Jaen during 2014.
Recent studies confirm that there are external factors
influencing certain pathologies which require the prescription
of these drugs to the patients. Such is the case of studies
linking temperature and air quality to asthma [11–16] or other
related respiratory diseases involving the use of Salbutamol.
In this sense, it is known that the Salbutamol is widely used in
treating pediatric asthma, bronchiolitis problems, etc. [17–19],
therefore its consumption may varies from one pharmacy to
another, depending on the type of population that usually attends the pharmacy. Thus, other important variable to be considered in this type of study is the type of population attended
in the area of influence of the pharmacy: childhood, young
adult, middle age persons or senior users and older people. It is
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therefore necessary to work with spatial variables (population
served by the pharmacy: pediatric, geriatric, etc. …, temperature in the range of influence of the pharmacy, air quality, etc.).
These spatial variables are essential to build a reliable predictive model. Moreover the use of data mining techniques allows us to explore large databases, automatically or semiautomatically (temperature, relative humidity, target population, air quality, etc.), with the aim of finding repetitive patterns, trends or rules that explain the behavior of the data in a
given context, in this case the consumption of Salbutamol.
The spatial data mining tools are used to generate the predictive model. In the field of medicine there are numerous
researches where data mining is used to predict key aspects
of health, such as managing appointments, predict the number
of patients attending health centers, etc. [20–22]. In our study
we apply advanced data mining techniques where the spatial
variable is essential to extract and plot highly variable information within the study area, instead of estimating a mean
value for the entire area. Spatial data mining tools in particular,
provides new point of view and more complete information in
order to make valid decisions. In this case, to predict in advance Salbutamol demanded by users to the pharmacies, this
can be key to avoid shortages and provide useful information
for managers to control drug purchases.

New contribution
Our work proposes an innovative method in which spatial
variables are used in order to predict drugs demand for one
period and specific area. Currently data mining techniques
have not been used to solve such an important and serious
problem as shortages of any medicine in pharmacies during
specific periods. In our study we focused on the consumption
of Salbutamol. It is confirmed how a real shortage problem
that took place in 2014 in Jaen could have been avoided by
detecting in advance the increase of the demand.

Methods
Data integration and management
This is a retrospective study in which Salbutamol consumption data from a pharmacy of Jaen during the years 2010,
2011, 2012, 2013 and 2014 is taken as a starting point. The
predictive model is generated with data from 2010 to 2013
and 2014 data are used to validate the model.
As mentioned in the introduction, the use of this drug is
related to the influx of typical diseases of seasons changing, such
as cold and flu. It is also the arrival of spring, when flowering
occurs in the city of Jaen, and thus the influx of symptoms of
allergies to pollen when Salbutamol demand has its peak.
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Therefore the use of temporal variables seems to be evidence
in our model. We also consider essential in this study consider
spatial variables that characterize this time of year. In this sense,
it can be use the term spatio temporal variable, assuming as
spatial variable which its value depends on its geographical location. Depending on the symptoms relieved by Salbutamol it is
carried out the hypothesis that it is possible to establish a relationship between the consumption of Salbutamol and spatio
temporal variables such as temperature, precipitation, air quality,
humidity and type of population attended. We use maximum,
minimum and mean temperature measurements in degrees
Celsius. Rainfall data are measure in of L / m2 units and the
relative humidity data is measured in percentage. Why these
environmental variables and not others? Primarily because data
are available in an open and easily website, and anyone can also
make a query about the forecast for one or two weeks in advance, which is key to generate a predictive model. This information is obtained from two permanent meteorological stations
located in the city of Jaen REDIAM [23]. Air quality is also
obtained from REDIAM, where air quality available data are
classified as Good, Acceptable, Bad or Very bad depending on
the values of certain partial contaminants as sulphide dioxide
SO2, particles, NO2 nitrogen dioxide, carbon monoxide CO
and ozone O3.
Data from almost all spatial variables selected are available
with a daily temporality. However air quality values are available monthly. This is obvious considering that the city of Jaen
is a small town with little environmental pollution. It therefore
requires adequate proper grouping of data in order to standardize and adapt the information to the city of Jaen improving the
integration and management of all data. [22].
In the introduction section it was explained that Salbutamol
is usually more consumed by people in childhood and older
people, because these people are more vulnerable to colds and
flu. In this sense, the age ratio of the population is another
interesting variable to be considered since it is expected that
the demand of Salbutamol in a specific pharmacy varies depending on age of people attended. This last spatial variable,
the type of population served by the pharmacy, is obtained
from data provided by the Spanish National Statistics
Institute [24]. This public organism gives us the type of population in each census tract. In Spain, a census tract composes
a small region of the city, 1,000 and 2,500 residents. In addition, the city is divided into health districts, these last are the
areas of the city served by each primary health care center. The
digitized map of the Jaen includes the health districts and
census tracts. This information and population data are integrated into a Geographic Information System (GIS) [25],
Fig. 2. The exploitation of the GIS allows us to extract data
of interest to generate our predictive model. Such is the case of
the population a pharmacy serves. It is possible to calculate
the number and the age ratio of people in each district who are
inside the area of influence of each pharmacy (Table 2).
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Fig. 2 Map of Jaen city and the limitation of the census tracts in yellow. Rose colour for the health districts area of the city

Data mining and algorithms
In this paper, we propose a supervised data mining study with
the aim of predicting Salbutamol demand using a set of attributes that are presupposed to be high related to such claim. As
it was explained in the previous section the selection of variables does not correspond to a process of hazard but are
discussed in detail the circumstances that encourage the consumption of this medicine, the symptoms faced, pathologies
with such symptoms, external factors that favour the emergence of these diseases, seasons when the number of patients
with these diseases grow up and therefore there is a large
Table 2 Population inside each
health district classified by age.

increase in the demand for this drug, etc. After this first comprehensive analysis proceeds to quantify analytically the degree or level of relationship with the main selected variables or
attribute target variables, ie demand Salbutamol. In order to
carry out this issue the Minimum Description Length algorithm (MDL) [26] is used. This algorithm establishs a ranking
between variables distinguishing which are related to the target variable and which not. Specifying, this algorithm returns
a value between −1 and 1. Attributes which obtain 1 value
means that they are the most relevant to the target, those which
have no relationship they obtain a value equal to 0, and a
negative value means that the attribute is not related to the

San Felipe

Belen

El valle

La Magdalena

0-14

14,85%

12,70%

15,66%

16,74%

14-24
25-34
35-44
45-54
55-64
65-74
75-84
>85

12,60%
16,04%
14,99%
15,55%
9,52%
6,51%
6,48%
3,45%

10,90%
17,69%
15,72%
14,23%
11,41%
7,88%
5,92%
3,54%

11,84%
17,04%
17,38%
14,20%
9,42%
6,43%
4,67%
3,37%

12,66%
17,53%
15,39%
14,21%
8,92%
6,12%
5,40%
3,03%
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target and it could introduce noise in the study. For our research we consider only those attributes with values higher
than 0, discarding those equal to 0 or negative values.
Once the variables have been classified models are generated using regression algorithms (linear and nonlinear)
[27–29]. The reason for using different algorithms is that thus
the effectiveness of each is analyzed and also which of them
better fits our case. The algorithms used are generalized linear
models (GLM) [30, 31] and support vector machines (SVM)
with linear and gaussian kernel respectively [32–34].
The system has been developed using Oracle Data
Mining[35]. For the design and configuration of the model it
has been chosen in size very high sample, since we considered
all consumption data Salbutamol in some pharmacies in Jaen
from 2010, 2011, 2012 and 2013 considering a range of predictive confidence interval of 95%. With this configuration we
aim to balance between computation time and quality of the
model.
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Another important parameter model configuration management has been missing values, which specifies how the value
missing from the training data are processed; this parameter
can be set in two ways:
&
&

Replace with mean or mode. Replaces missing values of
numerical attributes with the mean value and replaces
missing values of categorical attributes with the mode.
Only use complete records. The records with missing
values are ignored.

In our study, missing values have been ignored because in
our training data the number of missing values has been minimal. Autofill with mean or interpolated data the null values
would generate errors and loss of efficiency in the model.
The methodology used in this study is defined according to
the following pseudocode that allows us to better understand
the development carried out.

VAR

Table: training_data_2010_2011_2012_2013, applied_result_2014;
MODEL REGRESION: Model_GLM;
INTEGER: anomaly_results, absolute_error, maximum_deviation;
BEGIN

# Tables loaded in the meteorological, environmental, spatial data and
# information demand salbutamol
Load data (training_data_2010_2011_2012_2013);
Load data (datos_validacion_modelo_2014);
# We discard the attributes unrelated to the target attribute. We use the MDL # algorithm
WHILE (NOT EOF training_data_2010_2011_2012_2013) do
anomaly_results <− MDL(training_data_2010_2011_2012_2013.column,
target_attribute);
IF (RESULTADO <= 0) THEN
Drop column training_data_2010_2011_2012_2013.column;
Print 'Invalid attribute for prediction: ' +
training_data_2010_2011_2012_2013.column;
END IF:
END;
# generation of regression model with GLM
Model_GLM <−− GLM (training_data_2010_2011_2012_2013, target_attribute);
applied_result_2014 <−− Aply Model (Model_GLM, datos_validacion_modelo_2014);
Select
max (abs (applied_result_2014.predictiondatos_validacion_modelo_2014.Real_consumption)) into maximum_deviation
from
applied_result_2014;
Select
avg (abs(applied_result_2014.predictiondatos_validacion_modelo_2014.Real_consumption)) into absolute_error
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from
applied_result_2014;
Print 'The maximum deviation is:' + maximum_deviation
Print 'The average abosuluto error:' + absolute_error
End;

Results
Running the MDL algorithm that calculates the weight of the
variables on the target attribute we can establish the relationship between the dispensation of Salbutamol and the spatial
variables selected, Table 3.
As expected the attributes that are more related to the
Salbutamol demand in Jaen are firstly the percentage of the
population attended by the pharmacy and specifically the pediatric population is the attribute most weighted, followed by
month, minimum and maximum temperature, relative humidity and air quality. However it is observed that precipitation
values are not related to the consumption of this drug, as it has
a negative weight, so it is eliminated from the study. It is
confirmed that environmental variables such as air quality or
relative humidity are related to Salbutamol demand but with a
much lower weight than the temperature or age ratio of the
population variables. However because of having a weight
greater than zero, they have been introduced in the predictive
model.
Once the precipitation attribute is eliminated models are
generated using the algorithms discussed in the previous

Table 3 Classification
of the variables with
respect to the influence
on the target attribute

Age

Atribute

Ranking

Weight

0-14
15-24
25-34

1
1
1

0,631
0,581
0,381

35-44
45-54
55-64
65-74
75-84
>85

1
1
1
1
1
1
2
3
4
5
6
7
8

0,331
0,331
0,331
0,331
0,331
0,331
0,164
0,152
0,046
0,040
0,007
0,003
−0,201

Month
Min temperature
Maxtemperature
Mean temperature
Bad air quality
Relative Humidity
Precipitation

section. We analyze the effectiveness of each model by comparing its results with Salbutamol demand data in 2014.
Specifically, we took as experimental sample one of the
pharmacies in the city of Jaen. Using the GIS, data
inside the influence area pharmacy are extracted. The
influence area is the health district in which this last
is included. From here we predict Salbutamol demand
in 2014 using the models. In each prediction the absolute error committed by each algorithm in predicting
daily data are measured. In order to make an overall
assessment of all models is calculated for each the mean
absolute error in prediction of demand in 2014.
Comparing Figs 1 and 3 shows that despite fluctuations in
demand for Salbutamol during the four years used for the
generation of models, data mining and the proper use of spatial variables have enabled to accomplish a prediction 2014
demand very accurate. In Fig. 3 we can see a graphical representation of the real demand for Salbutamol during 2014 and
the prediction made by the GLM, with linear kernel SVM and
SVM with gaussian kernel algorithms respectively. It is clear
that at certain times of the year the three algorithms have
similar behaviors, while in others, for example from January
to March their predictions diverge. In order to obtain a more
comprehensive assessment it is useful to analyze the mean
absolute error values obtained for each algorithm, Table 4.
The most accurate algorithm is GLM, with a mean absolute
error less than 6%. GLM is a linear algorithm that has a good
performance in situations where there is a linear relationship
between predictors’ attributes and the target attribute. The
SVM algorithms with both linear and gaussian kernel have
greater mean absolute error than the GLM.
This error lower than 6% is a very positive development,
considering the large variation of Salbutamol demand in Jaen
depending on the month of the year.
The effectiveness of the models generated in this study has
also been evaluated from a statistical point of view. Oracle
Data Mining provides as output a predictive confidence level.
This last is a quantitative measure of the efficiency of the
model and indicates the percentage of improvement of the
model against the naive model. This is the average consumption of Salbutamol. It notes that a model is already considered
good when you have a predictive confidence level higher of
35%. In our study the predictive model has a 61.44%
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Fig. 3 Real demand of
Salbutamol in 2014 and data
predicted by the models

confidence level; this means that the prediction is 61.44%
better than getting the average consumption of Salbutamol.
Other statistical value used to measure the effectiveness of
the model has been the mean absolute error (MAE), which
indicates the average absolute value of residuals. This is calculated by the next formulae:

that from a statistical point of view the model generated has a
high accuracy.

n

1 X 

M AE ¼ ¼
y j −^y j 
n
j¼1

The analysis of spatial variables used confirms a strong relationship between environmental and meteorological factors
and especially with the type of population who demands
Salbutamol. In this sense there are many other drugs in the
market which consumption is related to these variables, so the
model proposed could be extrapolated to other different areas
where other pathologies emerge and then other drugs are
demanded.
Today cities have some new expansion areas where
young families with children in the pediatric age live
and also there are some other areas where most population is in the older age. This study highlights how the
population age has a significant impact on the amount
of drugs that are requested in pharmacies. To determine
the type of population served by each pharmacy, it is
essential to rely on GIS and population statistics data,
these last are available public data served by the govern
of each country. Here the spatial component of the data
turns out to be essential to characterize the typical environmental and meteorological factors on the area and
consequently the type of demand that the pharmacy will
attend, this is which are the most common symptoms in
each area and therefore which the most requested drugs.
Therefore, depending on which is the area where the
pharmacy is located the consumption of medicines is
different.
This study focuses on predicting the demand for
Salbutamol for a specific case of a pharmacy in Jaen city.
This pharmacy belongs to a particular health district but also
within this area there are other pharmacies too. However to

The mean square error, RMSE, which is a quantitative
measure used to assess the spread of the prediction. It consists
of the square root of the sum of squared errors. This measure
amplifies and more strongly penalizes those errors of greater
magnitude, that is, reports the dispersion of the prediction
regarding the actual value, RMSE is represented by the following formula:
vﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
u n 
2
u1 X
RMSE ¼ t
y j −^y j
n j¼1
In this study, the mean square error is 23.23 and the average
absolute error is 15.75. Both values are close to 0, considering
that the values of the predictions range from 178 users, who
consume Salbutamol in a pharmacy in the months with less
demand, and 680 the busiest months. These results indicate

Table 4

Efficiency of regression algorithms used

Algorithm

% Mean absolute error

GLM
SVM with Linear Kernel
SVM with Gaussian Kernel

5.78
6.33
17.07

Discussion
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describe and analyze the methodology and data used in a
simple way it was considered more appropriate to use data
from one pharmacy as an experimental prototype. Clearly
the models obtained can be adapted and therefore improved
by adding data from other pharmacies basing on the location
of each one. This is critical since the spatial variable weighs
heavily in our models as it has been confirmed.
This is a pilot project on a high demand drug that is highly
related to spatial variables: environmental, climate and population age factors. This research confirms that it is possible to
predict with minimal error demand for these drugs.
However, we are aware that there are other drugs where the
relationship with these factors cannot be established and therefore our models would not be able to make a reliable prediction on such drugs. For those medicines would be necessary
first to determine the factors that have some relationship.
Using our model could contribute significantly to avoid
shortages of some drugs. This would avoid the one hand medical problems at the level of public health and on the other
hand help pharmacies to have a more efficient economic management. It is necessary to note that most pharmacies are small
companies that need an optimal stockage to avoid having
large amounts of drugs that will not sell in a short period of
time. Otherwise it implies to the pharmacist make an early
investment of great deal of drugs and therefore having a high
stock with an expiration date. In short, this model can contribute both to avoid medical problems as improving pharmaceutical management using an optimal management of inventory
and stockage.

These models could prevent cases of shortage of a drug at a
pharmacy during certain times of the year. This situation affects not only economically on the pharmacy itself but also on
the good services to the population. In summary, the proposed
model highlights how the availability and subsequent integration of spatial variables in data mining allows for a simple and
effective predictive model capable of anticipating everyday
situations and important problem as the supply of medicines.
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