
Abstract
Aim: Tuberculosis mortality is a major public health problem in developing countries, and given that statistical techniques 
allow to identify areas of greatest risk for the disease, the aim of this study was to determine the spatio-temporal distribution 
of tuberculosis mortality in the city of Medellin-Colombia. Materials and methods: Analytical study of time series analysis 
and spatial distribution of TB mortality; data obtained from death certificates where tuberculosis was the underlying cause 
of death in Medellin between 2000-2007 was collected. The time series analysis was global and stratified by community of 
residence. The spatio-temporal distribution of tuberculosis and HIV mortality rates for the same period, were also calculated 
in order to explain the risk and distribution of both diseases, elaborating maps for each of them. Results: The global TB 
and HIV mortality rates ranged between 3.28-3.53 and 7.29-6.20 per 100,000 habitants respectively. In the analysis of TB 
mortality rates stratified by community, it was found that six communities, registered the major incidence of mortality during 
the period with rates over four cases per 100,000.  Conclusion: The statistical techniques of time series analysis and spatial 
distribution allowed identifying the communities of Medellin with increased risk of death from TB and HIV between 2000-2007.
Key words: Tuberculosis, Mortality Rate, Temporal Distribution, Space-Time Clustering, Models Statistical

Resumen
Objetivo. La mortalidad por tuberculosis es un importante problema de salud pública en los países en desarrollo, teniendo 
en cuenta que las técnicas estadísticas permiten identificar las áreas de mayor riesgo de la enfermedad, el objetivo de este 
estudio fue determinar la distribución espacio-temporal de la mortalidad por tuberculosis en la ciudad de Medellín-Colom-
bia. Materiales y métodos. Estudio analítico de análisis de series temporales y de distribución espacial de la mortalidad 
por tuberculosis. Se recogieron los datos obtenidos de los certificados de defunción en los que la tuberculosis fue la causa 
principal de muerte en Medellín entre 2000-2007. El análisis de series temporales fue global y estratificado por comuna de 
residencia. La distribución espacio-temporal de la tuberculosis y las tasas de mortalidad por VIH durante el mismo período 
se calcularon para explicar el riesgo y la distribución de ambas enfermedades, se elaboraron mapas para cada uno de 
ellos.  Resultados. Las tasas de mortalidad global por tuberculosis y VIH oscilaron entre 3,28 a 3,53 y de 7,29 a 6,20 por 
100.000 habitantes, respectivamente. En el análisis de las tasas de mortalidad por tuberculosis estratificados por comuna, 
se encontró que seis comunas registraron la mayor incidencia de la mortalidad durante el período con tasas de más de 
cuatro casos por cada 100.000 habitantes. Conclusión. Las técnicas estadísticas de análisis de series temporales y la 
distribución espacial permitieron la identificación de las comunas de Medellín con mayor riesgo de muerte por TB y el VIH 
entre 2000-2007.
Palabras clave: Tuberculosis, Tasa de Mortalidad, Distribución Temporal, Agrupamiento espacio-temporal, Modelos 
estadísticos
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Resumo
Objetivo. Mortalidade por tuberculose é um importante problema de saúde pública nos países em desenvolvimento, e dado 
que as técnicas estatísticas permitem identificar áreas de maior risco para a doença, o objetivo deste estudo foi determinar 
a distribuição espaço-temporal da mortalidade por tuberculose na cidade de Medellin-Colômbia.  Materiais e métodos. 
Estudo analítico de análise de séries temporais e distribuição espacial da mortalidade por tuberculose, os dados obtidos a 
partir de atestados de óbito onde a tuberculose foi a causa básica de morte em Medellin entre 2000-2007 foram coletadas. 
A análise de séries temporais foi global e estratificada por comunidade de residência. A distribuição do espaço-temporal 
da tuberculose e as taxas de mortalidade de HIV para o mesmo período, também foram calculadas a fim de explicar o 
risco e distribuição de ambas as doenças, elaborando mapas para cada um deles. Resultados. A TB global e as taxas de 
mortalidade do HIV variou entre 3,28-3,53 e 7,29-6,20 por 100.000 habitantes, respectivamente. Na análise das taxas de 
mortalidade por tuberculose estratificados por comunidade, verificou-se que seis comunidades, registrou a maior incidência 
de mortalidade durante o período com taxas de mais de quatro casos por 100.000. Conclusões. As técnicas estatísticas 
de análise de séries temporais e distribuição espacial permitiu identificar as comunidades de Medellin com o aumento do 
risco de morte por tuberculose e HIV entre 2000-2007.
Palavras chave: Tuberculose, Coeficiente de Mortalidade, Distribuição Temporal, Conglomerados Espaço-Tempo-
rais, Modelos Estatísticos 

Introduction

The World Health Organization (WHO) in 2007 estimated 
the incidence rate of tuberculosis as 139 cases per 
100,000 habitants in the world, with a total of 9,273,000 
cases and 1,772,000 deaths from this disease worldwide 
(1).  In 2008, in the United States, 12,898 cases of 
tuberculosis (TB) at a rate of 4.2 cases per 100,000 
habitants were reported (2).

More than 75% of the new cases of tuberculosis in the 
world could be explained by demographic factors such 
as aging of the population (3); decreased immunity 
related to age and increased longevity; as well as the 
co-infection by HIV. Additionally to the former factors, in 
developing countries, there are other problems related 
to poverty, overcrowding, malnutrition, stress, and 
pollutants exposure (4).

In Colombia, more than 11,000 new cases of tuberculosis 
per year were reported during 2008; the incidence rate 
was of 25.6 per 100,000 habitants (5); while the mortality 
rate in 2006 was of 2.5 cases per 100,000 habitants (6) 
being the fourth cause of mortality from communicable 
diseases (7). In 2009, in Antioquia, a north western 
region of Colombia, a mortality rate of 2.3 per 100,000 
habitants was reported. In Medellín, the capital city of 
Antioquia, during the same year, a mortality rate of 3.1 
per 100,000 habitants was also reported (8).

In recent years, research of infectious diseases like 
tuberculosis has been enriched by the application of 
statistical techniques such as time series analysis (9), 
generalized linear models (such as linear regression) 
(10), discontinuous piecewise linear regression or 
piecewise regression (11,12), Markov models (10), 
survival analysis, categorical data analysis, regression 
analysis and classification tree, generalized estimating 

equation (GEE), models for longitudinal data, spatial 
statistics (13), Bayesian methods, meta-analysis, 
hierarchical models, neural networks, among others; 
allowing the description of the incidence of these 
diseases and to make predictions for specific populations. 
The trend analysis and the spatio-temporal distribution 
methods identify high densities of phenomenon 
occurrences in certain places at certain times (14). They 
can detect the different changes that have occurred 
in the trend of cases or deaths over a study time (9). 
These methods have been used in the study of infectious 
diseases like tuberculosis (15-18), HIV (19), and malaria 
(10) in many countries.

Since tuberculosis mortality is a major public health 
problem in developing countries, and given that statistical 
techniques such as trend analysis and spatial statistics 
allow to identify areas of greatest risk for the disease, 
the aim of this study was to determine the spatio-
temporal distribution of tuberculosis mortality in the city 
of Medellin-Colombia in order to identify the communities 
most at risk of death and vulnerability by this disease.

Materials and methods

Type of study. An analytical study of time series analysis 
and spatial distribution of mortality from tuberculosis in 
Medellín-Colombia was performed.

Study subjects. Data obtained from death certificates 
where tuberculosis was the underlying cause of 
death, in the city of Medellín between 2000 and 2007 
was collected. The secondary source of information 
was provided by the Colombian state department of 
demographic statistics -Departamento Administrativo 
Nacional de Estadística (DANE)-.

Variables. Demographic variables from the death 
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certificate such as age, sex, suburb and community of 
residence were considered.

Place of study. The study was carried out in the city of 
Medellín in its sixteen communities clustering roughly 
260 suburbs; the population of Medellín is close to 
2,200,000 habitants.

Statistical analysis. A time series analysis with overall 
mortality rates was performed. For the mortality rate 
calculation, the population projections for the years of 
study, supplied by the DANE, were used as denominator. 
The time series analysis was global and stratified by 
communities of residence. 

For the analysis of changes in mortality rates, the 
Chi-square for Trend test was used. The significance 
level was defined in 5%. This analysis was made in the 
statistical program STATA 10.0® and Epi-Info 2007®.

The spatio-temporal distribution of tuberculosis mortality 
was developed with the ArcGIS® program; the city´s 
map was provided by the government of Medellín. 
Additionally, HIV mortality rates for the same period of 
study were also calculated in order to explain the risk 
and distribution of both diseases, elaborating maps for 
each of them.

According to Colombian law, this study is without risk to 
people because it uses secondary sources of information 
such as death certificates, therefore did not require the 
endorsement of the Ethics Committee.

Results

Between 2000 and 2007, 496 and 1134 deaths from 
TB and HIV respectively, were reported in Medellin. 
The global TB and HIV mortality rates ranged between 

3.28 to 3.53 and 7.29 to 6.20 per one hundred thousand 
habitants during the study period, respectively. The 
overall mortality trend by TB and HIV displayed in Table 
1, did not present statistically significant changes during 
the study period (Chi-square for trend by TB = 0.016, 
p value = 0.8982, Chi-square for trend by trend HIV = 
0.018, p value = 0.8928). 
The TB mortality rate presented higher incidences during 
the years 2001 and 2007; rates of 3.64 and 3.53 per 
100,000 habitants respectively; while the HIV mortality 
rate, presented higher incidences during 2001 and 2005; 
rates of 8.51 and 7.36 per 100,000 habitants respectively 
(Figure 1).

In the analysis of TB mortality rates stratified by 
community, it was found that communities like La 
Candelaria, Santa Cruz, Popular, Castilla, Manrique and 
Buenos Aires registered the major incidence of mortality 
during the evaluated period with rates over four cases 
per one hundred thousand habitants. In communities like 
El Poblado, Robledo, Belén, La América and Laureles-
Estadio, there was lower incidence of mortality with rates 
under one case per one hundred thousand habitants 
(Figure 2). Maps of TB mortality risk are displayed in 
Figure 3.

When analyzing HIV mortality rates stratified by 
community, it was found that La Candelaria had the 
highest incidence of death during the studied period; 
rates higher than 11 cases per 100,000 habitants were 
reported, with the exception of 2003 when the rate was of 
7.71 per 100,000 habitants. The other communities that 
reported high HIV mortality were Aranjuez, Manrique, 
Santa Cruz and Buenos Aires, and the communities 
with the lowest incidence were El Poblado and Laureles-
Estadio(Figure 2). Maps of HIV mortality risk are 
displayed in Figure 4.

Year Habitants TB Deaths HIV Deaths TB Mortality Rate (per 100,000 
hab.)

HIV Mortality Rate 
(per 100,000 hab.)

2.000 1919853 63 140 3,28 7,29

2.001 1949961 71 166 3,64 8,51

2.002 1983610 64 116 3,23 5,85

2.003 2020861 52 127 2,57 6,28

2.004 2061924 62 136 3,01 6,60

2.005 2104617 52 155 2,47 7,36

2.006 2155860 54 157 2,50 7,28

2.007 2209433 78 137 3,53 6,20

Total 496 1134

Table 1. TB and HIV mortality rates between 2000 to 2007 in Medellin
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Figure 1. TB and HIV mortality rates distribution between 2000 to 2007 in Medellin

The trends of TB and HIV mortality rates are shown. Between 2000 and 2007, there were not statistically significant changes in trends of TB and HIV mortality rates, 
although in 2002 a turning point in HIV rates was found (Chi-square for trend by TB mortality rate = 0,016, p value = 0,8999 and Chi-square for trend by HIV mortality rate 

= 0,001, p value = 0,9728).

Figure 2. TB and HIV mortality trends by community

Popular Santa Cruz Manrique

Aranjuez Castilla Doce de Octubre
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Robledo Villa Hermosa Buenos Aires

La Candelaria* Laureles-Estadio La América

San Javier El Poblado Guayabal
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Belén

*The mortality rates for La Candelaria community have different scale in Y axis due to high frequency of deaths by TB and HIV in compared with the other communities.
The TB and HIV mortality trends by the sixteen communities of the city are displayed. The community of La Candelaria showed the highest rates of TB and HIV mortality. None of the 
changes of the trends were statistically significant during the study period. Only the community El Poblado showed significant changes in the trend of TB mortality rate but not in the 

trend of HIV mortality rates (Chi-square for trend by TB mortality rate =11,816, p value=0,00059 and Chi-square for trend by HIV mortality rate =0,024, p value=0,8765).

Figure 3. Maps of TB mortality risk per year 

2000 2001 2002

2003 2004 2005
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2006 2007

The maps of TB mortality rates per year of study are displayed. It is observed that the communities located in the northeast and central-east areas had higher TB mortality during the 
study period. The northeast area is composed by the following communities: Popular, Santa Cruz, Aranjuez and Manrique; and the central-east area by: Villa Hermosa, Buenos Aires 

and La Candelaria. The communities of Robledo, Laureles-Estadio and El Poblado showed a lower risk of TB mortality during the study period.

Figure 4. Maps of TB mortality risk per year 

2000 2001 2002
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2003 2004 2005

2006 2007

The maps of HIV mortality risk per year during the study period are shown.  The habitants of communities of eastern and central area of the city had the highest risk of death, 
specifically in the communities of La Candelaria, Santa Cruz, Aranjuez, Manrique and Guayabal; in other communities such as Castilla, Doce de Octubre, Popular, Buenos Aires, San 

Javier and La America, their habitants had a moderate risk of death, while the habitants of Laureles-Estadio and El Poblado had the lowest risk of death for this disease.
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Discusión

In the present study the spatio-temporal distribution of TB 
and HIV mortality identified communities at the greatest 
risk of death from these diseases in the city of Medellin 
between the years 2000-2007; these communities were 
La Candelaria (located in the central-east area of the city) 
and Aranjuez, Manrique and Santa Cruz (located in the 
northeast area). The communities of Laureles-Estadio 
and El Poblado displayed the lowest risk of mortality 
during the study period. The remaining communities had 
a moderate risk of death from TB and HIV.

The habitants of the communities at highest risk of TB 
and HIV mortality are of low income or of low to middle 
income classification in the socioeconomic status of the 
city. In 2007, these communities represented nearly a 
quarter of the population of the city accounting for 3.5 
to 4.3 persons per household; between 4.2% and 6.1% 
of this population is illiterate (20). In 2009, between 11% 
and 12% of households in Manrique and Santa Cruz 
reported at least one of the unsatisfied basic needs 
(UBN); while in Aranjuez and La Candelaria, 5.4% and 
1.4% reported at least one of the UBN, respectively. UBN  
consist in at least of the following: inadequate housing 
(mobile homes, life in the wild, houses without walls, 
houses with dirty floors or walls without finish); housing 
without public services (not  access to water, sewage or 
septic tank); severe overcrowding (households with more 
than three people per room); truancy (households with 
at least one child between 7 and 11 years not attending 
school); and high economic dependence (the head 
of household has less than three years of schooling 
and there are more than three dependents of a worker 
member).
Approximately 7% or less of the households in these 
communities live under severe overcrowding conditions; 
between 38.9% and 69.7% of these households had food 
insecurity (low birth weight, protein-energy malnutrition, 
and vitamins and minerals deficiencies) (21); between 
10.2% and 19.9% of this population were unemployed 
(22).

Additionally, one of every three people who died from 
TB and HIV during the study, belong to one of these 
communities. This is consistent with the fact that 27% 
of the population without any affiliation to health care 
or access to health services through state subsidies, 
lived in the same four communities (20).  Additionally 
the conditions of poverty, hunger and malnutrition may 
increase therefore the susceptibility to infection, disease 
and severity (23), which can lead ultimately to death.
On the other hand, the communities of Laureles-Estadio 
and El Poblado presented the lowest risk of death from 
TB and HIV; their habitants belong to middle income or to 

upper income classification in the socioeconomic status 
of the city. In 2007, these communities represented 
11.2% of the population of the city, accounting for 2.8 to 
3.4 persons per household. Between 96.7% and 97.9% 
of the inhabitants are members of the social security 
system as taxpayers and only the 0.6% of this population 
is illiterate (20). In 2009, the 0.2% of households in 
these communities reported at least one of the UBN; 
the 0.2% or less of households lived under severe 
overcrowding conditions. Between 6.6% and 10.2% of 
these households reported food insecurity, and 4.9% of 
the population were unemployed (22).

Findings like these have recently developed an interest 
in social determinants of not only HIV but also TB, since 
this disease is concentrated in the most disadvantaged 
population groups in terms of poverty, hunger and 
ethnic minorities (22). These determinants include food 
insecurity and malnutrition, poor housing, environmental 
condition, overcrowding, homelessness, addiction, and 
financial, geographic and cultural barriers to health care 
access (22,24).

In terms of the overall TB mortality trends have remained 
relatively constant between 2000 and 2007, oscillating 
around three cases per hundred thousand habitants; 
rates slightly above the national average for 2006 
that reported 2.5 per hundred thousand habitants (6). 
Similarly, trends of HIV mortality rates recorded an 
average of six cases per hundred thousand habitants 
between 2000 and 2007, these rates were also slightly 
above the national average for 2006 that reported 5.4 
per hundred thousand habitants (1,25). 

Stratified by communities, the TB and HIV mortality rates 
in the study period showed no change in the trends, 
with the exception of El Poblado where the trend in TB 
mortality changed in the years 2004 and 2007, recording 
two deaths each year with no deaths reported in the 
remaining years. This increase in mortality in 2004 and 
2007 coincided with the increase in the trend in overall 
TB mortality of the city.

The statistical techniques of time series analysis and 
spatial distribution allowed identifying the communities 
of Medellin with increased risk of death from TB and HIV 
in the years 2000 and 2007. This information is  useful 
for the municipal government as it will help to prioritize 
interventions in health, and will target resources to 
address this public health problem in most vulnerable 
communities, due to their life, residential and nutritional 
conditions, and access to health services.

Although the analysis of mortality in a population does 
not provide a complete diagnosis of its health status, 
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it provides useful information for the health situation, 
public health surveillance, formulation and evaluation of 
health programs and policies. The analysis of mortality 
represents the tool not only for assessing risk of death 
of the population and the impact of disease on health, 
but also the severity of disease and survival of the 
population (26).

The identification of geographic areas and population 
groups that have higher unsatisfied health needs is an 
essential function of public health; it allows monitoring 
and tracking these areas and groups in order to guide the 
formulation of policies and programs that help to eliminate 
or reduce health inequalities. Unsatisfied health needs, 
understood as damage, health risks or shortcomings, 
not only expressed as morbidity and mortality rates, 
should also take into account determinants of health, 
socioeconomic indicators, resources as well as access 
and coverage of health services (27).

The main limitation of this study was the utilization 
of secondary sources of information which may 
underestimate or overestimate the real mortality rates 
from TB and HIV, due to under-reporting on death 
certificates and the use of population projections during 
the study period that served as denominators for the 
rates calculation. In Colombia, under-reporting on death 
certificates has been estimated at about 24.6% (28), and 
population censuses are conducted at intervals between 
10 and 12 years; therefore, population projections for 
the years 2000 to 2004 were calculated based on 1993 
census, and projections for the years 2006 and 2007 
were based in the 2005 census.

Conclusion

The communities at the greatest risk of TB and HIV 
mortality in the city of Medellin between the years 2000-
2007, were La Candelaria, Aranjuez, Manrique, and 
Santa Cruz. The communities of Laureles-Estadio and 
El Poblado displayed the lowest TB and HIV mortality 
risk; the remaining communities had a moderate risk of 
death from TB and HIV.

The overall TB and HIV mortality rates trends remained 
relatively constant between 2000 and 2007, with rates 
of three and six cases per hundred thousand habitants, 
respectively; by communities, the rates showed no 
change in the trends in the study period, with the 
exception of El Poblado.
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