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ABSTRACT

Spatial autocorrelation (SA) techniques were applied to analyze the deaths caused by three types of cancer in Ecuador. One of
the aims of these methods is to describe the scale over which spatial patterns of mortalities occur, which may provide
suggestions concerning the agents bringing about the patterns. The analysis was carried out using data from the 23 provinces of
the country. Applying global spatial autocorrelation techniques as well as local ones (Global Moran’s I and Anselin’s local I
statistics), it was found that in certain regions of the country there is an unusual pattern of the geographical distribution of cancer
mortality indicating that a similar geographic structure could be associated with some risk factor. The data used for the study
correspond to deaths due to the types of cancer studied for the years 2012 to 2015 and are available from the Statistics Institute
of Ecuador. The results should stimulate further research on the possible causes underlying these clusters and associations.
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RESUMEN

Las técnicas de Autocorrelacion Espacial (AS) han sido aplicadas para el analisis de causas de muerte producidas por tres tipos
de cancer en el Ecuador. Uno de los objetivos al utilizar estos métodos es describir cual es el tipo de patron especial geografico
de la mortalidad que esta ocurriendo, lo cual provee alguna hipotesis acerca de los agentes que brindan informacion sobre estos
patrones. Este analisis fue llevado a cabo usando datos de las 23 provincias del Ecuador. Se aplico las técnicas de
autocorrelacion espacial global como también las de tipo local (indice Global de Moran y el estadistico indice Local de
Anselin), se encontrd que ciertas provincias del pais muestran un inusual patrén geografico para la distribucion de la mortalidad
de cancer indicando que una similar estructura geografica podria estar asociada con algtn factor de riesgo. Los datos usados para
este estudio corresponden a los decesos ocurridos por cancer en los afios 2012 a 2015 y se encuentran disponibles en el Instituto
Estadistico del Ecuador (INEC). Los resultados estimulan a futuras investigaciones sobre posibles causas subyacentes en estas
agrupaciones y asociaciones.

PALABRAS CLAVES: Muerte por Cancer, Tasa de Mortalidad, Autocorrelacion Espacial, Patron Espacial, Analisis Espacial.
1. INTRODUCTION

Cancer is a disease that over the years has expanded globally, creating a challenge for specialists since it is a
very complex disease, which has affected a large number of people causing, in the majority of cases, the death
of the individual. Currently in the country has been detected a high rate of mortality due to cancer; in the case
of male gender refers to cancer of prostate which is the most common and, in the case of the female gender,
the most frequent cancer is the cervix and breast.

The information referring to the mortality rate of said diseases is available in the INEC (National Institute of
Statistics and Census, 2014).

The purpose of this study was: to explore the spatial patterns and clusters of the most common cancers in
Ecuador using global and local spatial autocorrelation analyses (i.e., by calculating the global Moran’s /
statistic and the Anselin local Moran’s [ statistic)

2. MATERIALS AND METHODS

As an example, this paper presents the situation of the prostate cancer mortality rate for 2012 in the provinces
of Ecuador, that were recorded in the National Institute of Statistics and Census (INEC). Cancer data were
obtained from the INEC, whose main goal is to define the incidence of cancer in the population of Ecuador.
The death rate was calculated using standard procedures (Hennekens & Buring, 1987). The distribution of any

386



random phenomenon in a space (in this case the cancer mortality rate) can produce a pattern. According to
Fischer & Wang (2011) the most commonly used measures of spatial autocorrelation in ecological, health,
environmental and geological studies are Moran’s I statistic. In this study, both the global Moran’s I statistic
and the Anselin local Moran’s I statistic were applied to explore the spatial patterns of the rate of deaths due
to cancer of prostate.

The global Moran’s [ statistic was used to represent the degree of clustering and it was calculated as follows
(Anselin, 1988):
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Where:
X; = the mortality rate of cancer for the ith province of Ecuador
X; = the mortality rate of cancer for the jth province of Ecuador
X = the mean mortality rate of cancer for all of the provinces of Ecuador
W;; = a weight parameter for the pair of provinces I and j that represents
proximity
n = the number of provinces of Ecuador.
The Anselin local Moran’s I was also calculated for each province of the country to explore spatial clusters of

similar mortality rate of cancer. The Anselin local Moran’s I (Z;) for the ith province is calculated according to
Anselin (1988):
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Where:
X; = the mortality rate of cancer for the ith province of Ecuador

X; = the mortality rate of cancer for the jth province of Ecuador

X = the mean mortality rate of cancer for all of the provinces of Ecuador

W;; = a weight parameter for the pair of provinces I and j that represents

proximity

S = the standard deviation of the mortality rate of cancer in the area of study.

3. RESULTS

The contiguity type "queen" was used, from which the matrix showing the relationships represented in figure
1 was obtained.

Figure 1: Contiguity Provinces of Ecuador
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This study explored the spatial patterns of the prostate cancer mortality rate in Ecuador using global and local
spatial autocorrelation analyses. Figure 2 shows the mortality rate of prostate cancer in the provinces of
Ecuador in the year 2012 for every 100,000 inhabitants.

Figure 2: Prostate cancer mortality rate 2012 . (per 100000 inhabitants)
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Finally, Moran indexes, global and local, were calculated to determine the randomness of the variable
studied.Next, one of the results is shown using the R package with the variable: "prostate cancer mortality
rate".

This report shows that the mortality rate of prostate cancer in the provinces of Ecuador is not random, but
rather presents a statistical significance of spatial autocorrelation.

Moran I test under randomisation

data: datos2012$TMCP
weights: vecin

Moran I statistic standard deviate = 2.6992, p-value = 0.003476
alternative hypothesis: greater

sample estimates:

Moran I statistic Expectation Variance

0.24269504  -0.04545455 0.01139677

Figure 3 shows the values of significance of the Anselin local Moran’s I for each province of Ecuador
represented geographically. This index estimates a measure of spatial autocorrelation for each province,
where it can see some
provinces exhibiting a statistically significant local spatial autocorrelation (p- value<0.05). This suggests that
the number of deaths caused by prostate cancer is locally spatial autocorrelated.

Figure 3: LISA significance map
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Figure 4 shows the provinces of Ecuador that form statistically significant groupings. These groupings
correspond to those in which the level of significance of the local Moran Index is high-high or low-low, of the
adjacent provinces of Ecuador. Areas with High-High (hot spot) and Low-Low (cold spot) designations are
those with positive spatial autocorrelation while areas with Low-High and High-Low designations belong to
regions where the spatial autocorrelation is negative. There are three provinces of southern Ecuador marked
as High-High (hot spot), it means that these regions are positively spatial autocorrelated with their neighbors,
that is, observations of prostate cancer mortality rate in those three areas are similar between their neighbors.
Figure 4: LISA map (hot and cold spot)
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4. CONCLUSIONS

This study is the first to explore the spatial incidence patterns of the most common cancers in Ecuador using
spatial autocorrelation analyses. Furthermore, it is the first to examine whether the incidence of the most
common cancers in Ecuador is spatially correlated at the province level using both global and local regression
methods. Overall, the results suggest that there is statistically significant spatial autocorrelation among the
most common cancers in Ecuador.
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