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DEATH IN COLOMBIA: ANALYSIS OF CENSUS AND DEATH REGISTER DATA

by John Jairo Loja Torres

This thesis uses data from census and death registers to undertake a systematic investigation of

mortality differentials among ethnic population groups in Colombia, comparing Indigenous, Afro-

descendant, and White-Mestizo ethnic groups. The main findings of this project are summarised

across three dimensions: assessment of quality of mortality data, population life expectancy, and

causes of death. Additionally, the study applies machine learning methods to identify the ethnic

identity of deceased people based on demographic and epidemiological information derived from

mortality registers.

Social inequalities among Indigenous, Afro-descendants, and White-Mestizos in Colombia are

well documented in research studies. However, there is little understanding of how those ethnic

inequalities manifest in mortality statistics in terms of data collection biases and analysis. This

thesis will address the aforementioned knowledge gap by analysing the ethnic differentials in

mortality and causes of death data comparing the census data with mortality registration records.

Four research questions are addressed in this study. (i) How do life expectancy and mortality

rates vary among different ethnic groups by age and sex? (ii) To what extent under-registration

of deaths influences the estimation of life expectancy and mortality? (iii) Which causes of death

contribute most to the differences in life expectancy and mortality among different ethnic groups?

(iv) How can we apply machine learning techniques on mortality register data to improve ethnic

classification in Colombia?

The first analytical chapter of the thesis aims to address under-registration of deaths, and how

they affect mortality estimations in Colombia, and particularly how they under-estimate mortal-

ity indicators of Indigenous and Afro-descendants groups. The results show that the deaths of

Indigenous and Afro-descendants are registered at a considerably lower rate than those of White-

Mestizos, and the level of under-registration is higher for children and residents in rural areas. The

ethnic minority groups are less likely to be captured in mortality registration, attributed to various

social, economic, and geographic factors such as residence in remote areas, cultural practices and

inhibitions, lack of awareness and the absence of institutional systems in regions dominated by

ethnic minorities.



In the second analysis, we applied statistical models to correct for mortality underestimation in

the mortality registers, and revised the estimates of mortality outcomes including life expectancy

and life inequality defined as the average years of life lost due to early deaths. These measurements

were estimated by age, gender and ethnicity. According to Colombian vital statistics, White-

Mestizos show higher mortality and lower life expectancy when compared to Indigenous and

Afro-descendants. However, the results show a reversal trend when mortality data are corrected

for under-registration. Life expectancy at birth for Indigenous is estimated at 66.7 years, 71.5

years for Afro-descendants, and 78.9 years for White-Mestizos. Overall, White-Mestizos live on

average 12.2 years longer than Indigenous and 7.4 years longer than Afro-descendants. The higher

mortality in ethnic minority groups is evident and consistent when estimated using census mortal-

ity data and corrected mortality records. Similarly, the dispersion of the age of death in Indigenous

and Afro-descendants is higher than for White-Mestizos, whose age of death is narrowly concen-

trated in the older age groups. This suggests that life disparity within ethnic groups is higher when

compared to White-Mestizos.

The third analytical chapter of the thesis identifies the main causes of death by ethnic group,

age, and gender. The analysis demonstrated three different patterns based on causes of death by

age, sex and ethnicity. The first is the White-Mestizo pattern in which the main causes of death are

degenerative diseases such as cardiovascular diseases, cancer, and respiratory diseases. The age

groups most affected by such causes are the older age groups, in which the majority of such deaths

are concentrated. The second pattern is exhibited primarily by the Afro-descendants, and com-

bines very high mortality of young men between ages 15 and 40 (principally by homicide) with

an emerging ageing population with increased deaths attributed to degenerative diseases. Deaths

of Afro-descendants present a bimodal distribution with high mortality at younger and older ages.

The epidemiological patterns of the Indigenous group, on the other hand, present high mortality

in newborns and children compared with death at other ages. Likewise, the Indigenous groups

had the highest proportion of deaths in women of reproductive age due to pregnancy, childbirth,

and puerperium-related causes. The causes of death more common in this ethnic group are those

related to the perinatal period, and nutritional deficiencies in the case of children and circulatory

diseases, cancer, and respiratory diseases in death at older ages. This pattern suggests that women

belonging to indigenous groups are more vulnerable in terms of adverse living conditions with

poor access to essential maternal and infant care.

The final analytical part of the thesis applies machine learning techniques on mortality records

to improve the classification of ethnic identities in Colombia. We proposed a random forest classi-

fication model which considers geographical, sociodemographic, and epidemiological information

by ethnicity. The results show that random forest models predict the ethnicity of deceased indi-

viduals more accurately with probabilities over 80%. The model yielded AUC = 0.913 for Indige-

nous people, while for Afro-descendants and White-Mestizos AUC scores were 0.811 and 0.845

respectively, suggesting a high level of accuracy in terms of correctly identifying the ethnicity of

deceased people.



This research has two key limitations. First, the 2018 Census did not account for more than

four million people, of which at least 1.5 million were Afro-descendants. The census omission

of Afro-descendant households could lead to potential underestimation of mortality outcomes and

hence the differences between ethnic groups may be biased. Second, there is lack of adequate

information of the deceased people. The census asks if reported deaths were registered, but does

not collect information about the causes of death. We were able to identify the level of under-

registration but we could not determine if the causes of death play a role in this phenomenon.

It is also possible the internal conflicts in certain geographic regions within Colombia may have

contributed to the under-registration of deaths in ethnic groups.

Three recommendations are drawn from the findings of this study. First, the ethnic minority

groups would need to be empowered and included in social policies and local decision-making

processes and governance structures. They should be adequately trained and informed of the

relevance and benefits of vital statistics for local planning, with measures to overcome cultural

sensitivities and other barriers including language and geographic isolation. Second, census and

surveys need to include additional questions to probe details of possible circumstances underlying

the causes of death, verbal autopsies and deaths with no funerals (missing bodies). Finally, there is

a dire need to consider health policy interventions to prevent mortality in women and children at-

tributed to malnutrition and infectious diseases especially during the perinatal period, targeting the

indigenous community. For Afro-descendants, policy efforts should focus on reducing homicide

mortality in young populations.
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CHAPTER 1

Introduction

This thesis contributes to a systematic understanding of trends, differentials and causes of mortality

in Colombia for the period between 2008 and 2019, and how mortality patterns for Indigenous,

Afro-descendants, and White-Mestizo groups, differ from general mortality trends in the country.

1.1 Research Problem

The existence of mortality differences by regions in Colombia is an indicator of ethnic health in-

equalities. However, although people in Indigenous and Afro-descendant regions are at higher risk

of dying prematurely, the true population level of mortality, life expectancy and associated causes

of death are largely unknown or not systematically investigated. The lack of scientific evidence

in this regard implies lack of evidence-based effective public health policies for reducing health

inequalities in Colombia, and more importantly the lack of affirmative action policies directed to

prevent premature deaths in the most vulnerable groups.

The analysis of ethnic mortality is key to understanding how socioeconomic inequalities are re-

flected into health differences in the Colombian case. This research tackles three fundamental

aspects that examine the problem from different perspectives: ethnicity related data problems,

mortality estimation, and causes of death. A serious challenge for ethnic health studies has been

the lack of information and poor quality data on ethnic minority populations. Therefore, the quan-

tification of non-registered deaths by ethnic groups and the ethnic identification of deceased peo-

ple who died prior to 2008 when ethnic classification was introduced in the mortality registers are

1
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major challenges to properly understanding overall mortality trends and patterns. Improving the

quality of ethnicity data is vital for public health policies in multi-ethnic countries where official

statistics are fragmented or incomplete.

On the other hand, a systematic examination of the mortality trends and causes of death of the

Colombian population, particularly of Indigenous and Afro-descendants, will allow a better un-

derstanding of the population-level changes driven by mortality patterns and leading causes of

deaths among ethnic groups, as well as help identifying the most affected geographic regions in

the country. Addressing this evidence and knowledge gap is crucial for the design and improve-

ment of social and public health policies.

In recent years, racial justice movements have drawn public attention and significance in terms of

debates on social policy and anti-discriminatory programmes. At the same time, national statis-

tics offices have started to collect and improve ethnic information in population censuses and

demographic surveys. In Colombia, although the Censuses from 1993 and 2005 collected data on

ethnicity, the variables were included in mortality registers only from 2008 onwards. This research

aims to address the issues described above, and provide robust model-based estimates to quantify

the ethnic differences in mortality in Colombia. Moreover, the findings of this research will en-

able us to better understand the importance of ethnicity in quantifying inequalities in population

health outcomes. Policy makers, therefore, can directly benefit from the findings of this study

in formulating appropriate national health policies and building a fair and inclusive multi-ethnic

society.

Overall, this thesis contributes to a better understanding of ethnic mortality differences and pro-

vides an earnest effort to strengthen evidence on health and ethnicity in Colombia by implementing

innovative statistical methodologies for improving data quality in societies where mortality data

of ethnic groups are incomplete, defective, or unavailable.

1.2 Background

Since colonial times in the late 15th century and post-independence in 1819, race and ethnicity

have been identified as key determinants of social inequalities across Latin American societies. In

Colombia the Indigenous and Afro-descendant population have been not only socially excluded,

but also geographically segregated in outlying regions and poor urban areas (Barbary and Ur-

rea, 2004). According to National Statistics Office, DANE, the departments of Vaupés, Guainía,

Vichada, and Amazonas have the highest proportion of Indigenous population with 81.7%, 74.9%,

58.2%, and 57.7% of their population reporting Indigenous identity, respectively. In contrast, the

largest number of Afro-descendants are found in Chocó, Bolivar, Valle del Cauca, and Antio-

quia with 63.1%, 15.4%, 14.5%, and 4.9% of the people reporting Afro background, respectively

(Departamento-Administrativo-Nacional-De-Estadística, 2019a,b), see Figure 1.1.
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Figure 1.1: Colombian Regions with Higher Proportions of Ethnic Population

Figure 1.1 shows the Colombian regions with higher proportion of Afro-descendant and Indige-
nous population. According the 2018 Census, the lined department Vaupes, Guaninía, Vichada
and Amazonas have the largest Indigenous population in the country. While the majority of Afro-
descendants are located in Valle del Cauca, Chocó, Bolivar, and Antioquia. These estimations are
based in absolute numbers that did not considered regions with percentual majority of Indigenous
or Afro-descendants but smaller populations.
Source: Own elaboration based on 2018 Census data.
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Colombian society comprises three main ethnic groups whose socioeconomic statuses were es-

tablished during colonial times. White-Mestizos, who are descendants of Spaniards and more

recently of other European migrants, have been at the top of the social pyramid. In contrast, In-

digenous peoples, who are descendants of the aboriginal population, and Afro-descendants, who

are descendants of enslaved populations brought from Africa, have historically occupied lower

positions. Indigenous and Afro-descendants groups are socially and economically more deprived

than White-Mestizos (Viáfara, 2017; Telles et al., 2015; Flórez et al., 2003; Wade, 1993a). For in-

stance, infant mortality is higher along the Pacific coast, in the north and in the south of the country

where ethnic minority groups are dominant. In the same way, ethnic populations are significantly

less likely to have health insurance, almost 50% of them do not have any access to health care

system (Bernal and Cárdenas, 2007), and according to self-reported health, ethnic minorities rated

worse than the rest of the population (Agudelo-Suárez et al., 2016).

The lower socioeconomic conditions among ethnic groups have likely been influenced by various

factors, including structural racism and ideologies of racial superiority, which classify Indigenous

and Afro-descendant populations as "uneducated, primitive, and inferior." (Baquero, 2015; Urrea-

Giraldo and Hurtado, 2002; Bernard, 1987; Nengwekhulu, 1986; Wade, 1985). Nevertheless, class

and race hierarchies are not always concomitant, since there are also non-whites in the Colombian

middle-class (Wade, 1993a). But the historical intersection of ethnic groups and lower social

classes have been sufficient to create the basic hierarchy of the racial order that structures society

at present, in both life and death (Wade, 1993a, p.20).

Social and health inequalities in Colombian society stem from various factors contributing to the

existing mortality gap among ethnic groups, with racism and ethnic discrimination standing out

as significant drivers. Racial discrimination affects access to economic resources and diminishes

opportunities for a healthy life by creating barriers in both public and private institutions. Further-

more, it introduces a racial bias in policy-making processes. The higher rates of poverty, unem-

ployment, and lower educational attainment in ethnic populations significantly impact healthcare

access. Ethnic regions historically receive lower levels of public investment and infrastructure,

with agriculture and mining being the primary economic activities in these areas. However, these

sectors also pose environmental challenges to living conditions.

Indigenous and Afro-descendant communities may reside in areas with poorer environmental con-

ditions, exposing them to air and water pollution, inadequate housing, and challenging geograph-

ical and climatic characteristics that increase the risk of vector-borne diseases. Additionally, cul-

tural factors specific to ethnic groups, including traditions related to medicine, diet, and social

practices, can significantly influence health outcomes. Language barriers among populations that

do not speak the dominant language of the country can affect attitudes towards healthcare institu-

tions and may hinder access to information, medical advice, and services.

The factors contributing to ethnic health inequities in the country have historically been neglected.
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The lack of attention from central governments towards the needs of ethnic minorities may stem

from the perception that these communities are not a priority for social policy. Additionally, there

persists a belief that these communities are uncivilised and accustomed to living in a pre-stage of

development. This racist view of ethnic groups could be one of the key drivers of the ethnic social

inequalities among ethnic groups in the country.

Indigenous and Afro-descendants are thus at higher risk of dying earlier than White-Mestizo

groups. The extent and trends of the mortality differences are, however, unknown, which suggest

that public health policies could be neither evidence-based nor effective in reducing health in-

equalities in Colombia, and interventions to avert premature deaths in the most vulnerable groups

are unlikely to be effective without any targeted and affirmative action.

1.3 Research Context

Latin American society was divided during the Spanish colonial period into a racial order in which

Indigenous and Africans were at the bottom, although with some exceptions as new ethnic cate-

gories emerged, including Criollos, Zambos, Mulattos, and Mestizos (McKinley, 2012; Wade,

2010a, 2009)

Population censuses conducted during the Colony in the 16thcentury and after, included the ethnic

population but only in order to estimate the workforce of Indigenous and the number of slaves

for commercial reasons (Andrews, 2016; Rodríguez, 2010). At the beginning of the 19th century,

Colombian censuses started counting the Indigenous population in the country, and subsequently

the 1993 Census introduced a question to estimate the Afro-descendant population, after a gap of

150 years since Afro-descendants were last counted in the year 1843 (Bodnar, 2006). However,

some researchers contend that Afro-descendants were counted for the first time during the Repub-

lic era in 1918 (Rodríguez, 2010, 92). The question on self-reported ethnicity was implemented

firstly in 1993 Census and modified for the 2005 and 2018 Censuses.

Colombian Afro-descendants originated mostly from today’s Congo, Angola, Gambia, Nigeria,

Ghana, Ivory Coast, Guinea, Sierra Leone, Senegal, and Mali; and constitute the second largest

Afro-descendant population in the region after Brazil. This geographical dynamic laid the foun-

dations for the current ethnic population distribution in Colombia, in which a higher proportion

of White-Mestizos Spanish descendants are located in Bogotá and other main cities in the centre

of the country. Afro-descendants populated the Pacific and Atlantic coast, while Indigenous are

based in the periphery, the regions of the Andes and the Amazon. The 2018 Census, after correct-

ing for omissions1 counted a total population of 48, 258, 494 inhabitants in the country, from which

1, 905, 617 are Indigenous belonging to 115 Indigenous communities, and 4, 671, 160 were iden-

tified as Afro-descendants, according to self-reported ethnicity (Departamento-Administrativo-

Nacional-De-Estadística, 2019a,b). Figure 1.2 presents the population structure by ethnicity and

their characteristics in terms of age distribution.
1The Census 2018 had an omission of 4,094,077 persons according to official reports
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Figure 1.2: Population Pyramid by Ethnic Group

Population structure of the different ethnic groups in Colombia, 2018.
Source: Own elaboration based on Colombian 2018 Census.

The Indigenous population is believed to have arrived in American territories more than 30,000

years ago, as a result of migrations from the last glacial period. In pre-Columbian America,

Colombia was inhabited by various Caribe cultures. In the north of the country, there were cul-

tures such as Tayrona and Zenú, while in the central region, there were cultures like Muiscas

and Quimbayas. The western region was populated by Tumaco-Tolita and Chocó cultures, and

the Amazon in the south was inhabited by numerous small indigenous communities (DNP, 1989;

Jaramillo, 1964). According to the 2018 Census, 4.4% (approximately 1,905,170 individuals)

of the Colombian population is Indigenous, representing more than 100 communities and speak-

ing around 64 Amerindian languages. These figures position Colombia as the 7th country with

the highest percentage of Indigenous population in the region, following Bolivia, Chile, Ecuador,

Guatemala, Peru, and Panama. However, Indigenous leaders in Colombia argue that the proportion

of Indigenous people in the country could be greatly underestimated.

Colombia is one of the most important economies in the region and has experienced a general mor-

tality decrease in the last decades. Consequently, life expectancy in Colombia has increased more

than 20 years since 1960, Figure 1.3 shows life expectancy trends by gender and year. However,

life expectancy by ethnic groups has not been estimated due to data quality problems. On the other

hand, the health and social conditions among ethnic groups in the region are significantly different

from the general trend in the whole population (Hopenhayn et al., 2006). According to the Colom-

bian National Statistics Office (DANE) the educational level and the social living conditions of the

ethnic minorities are below the national average; 30.6% of the Afrosdescendants experience mul-

tidimensional poverty, and in rural areas, this figure increases to 50%. On the other hand, 45%
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of indigenous population achieve only primary school levels of education or lower. This clearly

highlights social heterogeneity, suggesting that population changes are happening at a different

rhythm among different groups in the interior of the country. Indigenous and Afro-descendant

populations present lower living conditions than White-Mestizos, and census data show that the

regions where they are located are the poorest in the country.

Figure 1.3: Life Expectancy in Colombia from 1960 to 2019

Figure 1.3 presents the life expectancy at national level which has grown more than 20 years since
1960.
Source: World Bank.

Clear evidence exists that demographic behaviour differs considerably across ethnic groups. The

fertility rate in Colombia, for example, was 1.8 per woman in 2018 according to the World Bank.

Although fertility of the individual ethnic groups is unknown, the child-woman ratio gives a gen-

eral idea of the different patterns among ethnic groups. The child-woman ratio is defined as the

number of children under 5 years, divided by the number of women at childbearing age, and was

28.6; 42.1 and 24.6 for Afro-descendants, Indigenous, and White-Mestizos respectively, see Ta-

ble 1.1. In the same way, ethnic groups migrate at a lower rate than White-Mestizos groups, and

their migration is mostly from rural to urban areas (Del Popolo et al., 2011). This has been driven

mostly by the higher intensity in rural areas of Colombia’s long-running internal conflict. Accord-

ing to the United Nations, the size of the displaced population in Colombia increases every year.
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Table 1.1: Demographic Indicators by Ethnicity, Census 2005 and 2018.

De-
mograhic
Indicator

Indigenous Afro-descendant White-Mestizo Total pop.
2005 2018 2005 2018 2005 2018 2005 2008

Male % 50.5 49.9 49.7 48.8 48.9 48.7 49.0 48.8
Female % 49.5 50.1 50.3 51.2 51.1 51.3 51.0 51.2
Child-Woman ra-
tio

62.2 42.1 42.2 28.6 34.8 24.6 36.8 25.6

Source: Departamento-Administrativo-Nacional-De-Estadística (2019a,b)

However, the real size of the displaced ethnic population is unknown because of the high level of

under-registration (Soledad and Jiménez, 2011).

Indigenous and Afro-descendants territories are principally located in the Amazon Rainforest and

along the Pacific Coast. These areas represent most of the Colombia’s unexplored areas. In this

context, forced displacement of these communities have been determined not only by reasons of

the internal armed conflict, but in a considerable proportion too by megadevelopment projects

such as African oil palm crops, as well as the existence of rich natural resources and the mining

industry, and by the spread of illicit crops (Cárdenas, 2018; Oslender, 2007; Escobar, 2003). The

High Commissioner for Refugees from United Nations (UNHCR) reported that between January

and November 2020, more than 21, 000 displaced people from which 55% were Afro-descendants

and 20% were Indigenous (UNHCR, 2020).

Colombia is a country with many contradictions in different social conditions. Ethnic groups have

played a crucial role in the history and in the construction of a national identity; Colombia had

presidents with Indigenous and Afro-descendant background in 1854 and 1861 respectively. But

political leaders of ethnic minorities have been marginalised and erased from national history. The

importance of this study thus consists precisely in starting to make visible the information that

is missing in the national narrative. The analysis of ethnic morbidity and mortality represent an

important step in this direction, in terms of understanding health conditions and the epidemio-

logical patterns of Indigenous and Afro-descendants that have remained invisible in the aggregate

national statistics. The present analysis will therefore yield better insights of ethnic differentials

in mortality and morbidity over time in Colombia.

1.4 Research Questions and Objectives of the Study

This thesis aims to analyse the mortality difference and identify mortality patterns among Indige-

nous, Afro-descendants, and White-Mestizos in Colombia between 2008 and 2019. To achieve

this aim, it will assess the quality of mortality data collected by census and registration sources as

well as compare mortality data from the national vital statistics and the 2018 Census to investigate

possible under-registration and how it affects the different ethnic groups.
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This research will address the following four inter-related questions.

1. How do life expectancy and mortality rates vary among different ethnic groups by age and sex?

2. To what extent under-registration of deaths influences the estimation of life expectancy and

mortality?

3. Which causes of death contribute most to the differences in life expectancy and mortality among

different ethnic groups?

4. How can we apply machine learning techniques on mortality register data to better understand

and improve ethnic classification in Colombia?

To address the research questions, estimating the ratio between registered deaths in official statis-

tics and census-reported deaths is a central objective. This estimation will facilitate, first, the

design of a methodology to improve data quality in mortality registers; second, a reliable estima-

tion of mortality trends by ethnicity and the identification of the main causes of death in ethnic

minority groups. The leading causes of death in these groups have remained underrepresented in

national statistics due to the low proportion of ethnic registered deaths. Additionally, the study

aims to apply machine learning techniques to identify the ethnicity of deceased individuals for the

years in which this information is missing. Reconstructing ethnic information will enhance and

complete the available data on ethnic mortality, enabling the analysis of mortality differentials for

years prior to 2008.

Life expectancy and mortality rates could exhibit significant variation among different ethnic

groups by age and sex as Indigenous and Afro-descendant populations generally experience lower

life expectancy and higher mortality rates compared to White standard populations. These dispar-

ities are pronounced in specific age and sex categories, reflecting underlying socioeconomic in-

equalities, access to healthcare, and exposure to risk factors. For instance, young Afro-descendant

men are disproportionately affected by violence-related deaths, while Indigenous populations

may have higher mortality rates from preventable diseases and inadequate healthcare services.

These variations highlight the intersection of ethnicity, age, and sex in shaping health outcomes

in Colombia. Additionally, understanding how under-registration of deaths impacts the estimation

of life expectancy and mortality rates, particularly among ethnic minority groups, will allow more

accurate death counts to analyse health disadvantages in ethnic groups. This under-registration is

often more prevalent in marginalised communities, such as Indigenous and Afro-descendant pop-

ulations, due to factors like geographic isolation, socioeconomic barriers, and systemic neglect.

Addressing under-registration is crucial for obtaining accurate demographic and health statistics,

which are essential for effective policy-making and resource allocation aimed at reducing health

disparities.

The analysis of the different causes of death will contribute to explain possible disparities in
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life expectancy and mortality among ethnic groups. For Indigenous populations, infectious dis-

eases, malnutrition, and lack of access to medical care could be significant contributors. In Afro-

descendant populations, violent deaths, chronic conditions related to socioeconomic disadvantages

could be more prominent compared to other groups. These causes reflect broader social determi-

nants of health, including poverty, limited access to education, and systemic discrimination.

The relationship of life expectancy, causes of death, ethnicity, and additional demographic infor-

mation could represent a great potentical for the use of Machine learning techniques to enhance

the accuracy and completeness of ethnic classification in Colombia. Techniques such as random

forests, neural networks, and support vector machines could identify patterns and correlations be-

tween demographic variables and ethnic identity. This approach not only will fill gaps in historical

data but also improves the reliability of current records. Enhanced ethnic classification enables

more precise analysis of health disparities and supports the development of informed health poli-

cies aimed at addressing inequities.

This research is the first of its kind to systematically measure ethnic differentials in mortality in

Colombia, and will thus address questions about the extent of inequalities in mortality among var-

ious population groups and across different geographical regions in Colombia; how the mortality

gap has changed over time; and what causes of death are the largest contributors to the gap within

and between different ethnic groups. The study will likewise address questions about what factors

contribute more to potential under-registration of mortality among various ethnic groups, and how

we can reconstruct mortality data by ethnicity prior to 2008.

Ethnic inequalities are not easily measurable: the gradual linear increase in life expectancy at the

national level masks the heterogeneity in mortality levels among different population subgroups

and across different geographic regions. Based on evidence from the existing literature (Chapter 2)

and informed by the research gaps identified from the literature review, this study will test two

interrelated research hypotheses. First, we believe that mortality data from registration sources are

likely to be underestimated in areas with high concentration of Indigenous and Afro-descendant

communities. Second, Indigenous and Afro-descendant communities experience higher mortality

rates and lower life expectancy, and they display distinct patterns across age, sex, and cause of

death, particularly with respect to child mortality and infection diseases.

1.5 Structure of the Thesis

The thesis is organised as follows: Chapter 2 defines the concepts and meaning of the cate-

gories skin color, race, and ethnicity for the present study, and the importance of the correct

understanding of those categories in population health research. It further outlines the differ-

ent theories and models for the analysis of health inequalities in ethnic populations. Chapter 3

presents the data employed in the project and describes the variables and data structure of the Cen-

sus 2018 and the Colombian mortality records and how information about ethnicity is collected.
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Chapter 4 analyses how mortality under-registration affects the different ethnic groups and what

regions in the country present the highest level of mortality underestimation. Further, it estimates

the probability of a deceased person of ethnic origin being omitted from vital statistics and how the

ethnic background and sociodemographic characteristics make one more prone to being excluded

from registration. In Chapter 5, a correction method for mortality under-registration for the period

2008 − 2019 is presented, along with estimates of the ethnic mortality gap and life expectancy

with corrected and uncorrected data. The method improves mortality information by considering

age at death, gender, and ethnic bias.

Chapter 6 analyses all causes of death by ethnicity and their contribution to life expectancy and

life disparity among ethnic groups. This chapter also analyses how the proportion of deaths by

causes has changed over time. Chapter 7 proposes the use of machine learning methods to iden-

tify the ethnicity of deceased people. The method can be employed to construct the ethnic variable

for years in which this information was not collected. Finally, Chapter 8 summarises the main

findings, key contributions, and limitations of the study.
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CHAPTER 2

Ethnicity and Mortality in Colombia and Latin America

2.1 Understanding Skin Color, Race, and Ethnicity

There is much confusion about the category race/ethnicity in epidemiological research. The use

of ethnic ascription has not been rigorous in most studies due to inappropriate methodologies to

define ethnicity (Moubarac, 2013; Gravlee, 2009; Bhopal, 2004; Bhopal and Donaldson, 1998).

One study suggests that about 64% of the studies are using race and ethnicity incorrectly, and that

this misunderstanding has often led to wrong classification or identification of ethnic communities

(Moubarac, 2013). Categories such as skin color, race, and ethnicity are used often interchange-

ably in population health studies. However, there are important differences in these categories and

how they are defined, measured, and interpreted in addressing health inequalities across differ-

ent ethnic groups. In order to examine mortality by ethnic group, we must first understand, and

contextualise the ethnic categories. As race and ethnicity are social constructed concepts, their

understanding could change from one society to another. It is therefore fundamental to define and

specify what we mean by ethnicity.

Skin color as a biological category is of little interest in social sciences for several reasons. First,

the use of White and Black as social identifiers is quite vague and they are broad categories that

amalgamate groups of people that differ socially and culturally (Moubarac, 2013; Bhopal and

Donaldson, 1998). Additionally, it hides the remarkable heterogeneity within the same category.

The Office of Management and Budget (OMB) Standards from the US defines White as a person

having origins in any of the original populations of Europe, the Middle East, or North Africa (Of-

13
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fice of Management and Budget, 1997). In England and Wales, according to the Census 2011, the

category White includes White-British, White-Irish, White-Gypsy/Traveler, and White-other, the

latter made up mainly by the Polish and other European populations. These groups, however, have

shown significant differences in terms of social and health conditions (Office for National Statis-

tics, 2021, 2020). The use of the category Black based on the skin color presents a similar prob-

lem. In Colombia, for instance, groups of Black-Maroon, Black-Caribbeans, and Blacks from the

Pacific Coast coexist with clear cultural and linguistic differences (Wade, 2012; Jordan, 2004).

Additionally, there is significant number of Afro-descendant people living in the main cities of the

country that do not identify themselves as part of those groups. Therefore a Black category based

on the skin color will transform social heterogeneity into a biological category.

Race on the other hand, considers skin colour, but it is more complex than a simple skin colour,

more controversial and perhaps a more blurred concept due to the fact that it considers pheno-

typical and cultural elements in the perception of race. Two main ideas have been proposed in

the literature to better understand the concept of race. The first is the biological paradigm based

on the traditional North American approach of race as a division of humankind through natural

selection (Smedley, 2007; Keita and Kittles, 1997). The biological idea of race has been quite

successful due to the sociocultural reality of race and racism in North America that presents social

inequalities as a biological inferiority, while at the same time epidemiological evidence for racial

inequalities reinforce public understanding of race as a result of genetic superiority and perpetuate

a racialised view of human biology (?Powe et al. 2013; Gravlee 2009, p.48; Gonzáles et al. 2003).

Bamshad and Olson (2003) attempted to answer the question whether race does exist in biology.

They concluded that genetic variations among human beings do not depend on skin color or facial

features, but they follow a pattern which varies across space. This means that groups with simi-

lar physical characteristics can be quite different genetically if they are in a different geographical

space. For instance, Afro-descendants from the Caribbean island, North America, and West Africa

present variations in terms of prevalence to specific diseases (Cooper et al., 1997) which represent

differences in terms of biological adaptation. The concept of race based on a biological differenti-

ation has been systematically proved to not have any scientific foundation. Skin color represents a

non-concordant genetic variation in the human body, which suggests that there is no relationship

between the tone of the skin and a better or worse biological constitution (Jorde and Wooding,

2004; Goodman, 2000; Ehrlich and Holm, 1964; Wilson and Brown, 1953). Therefore, it has no

value for predicting other aspects of biology as those characteristics are independently distributed.

A racialisation based on skin color is thus an arbitrary criterion, similarly as it would have been a

classification based on the colour of eyes and hair, or short and tall people; but colonial encounters

privileged more evident phenotypical differences such as skin color, principally in the context of

unequal power relations (Wade, 1993a, p.4). The critique to the racialisation of the human biology

should not be understood as a denial of genetic human diversity that has been proved to be deter-

mined by geographic distance (Li et al., 2008; Manica et al., 2005). Rather, the central argument

is that the race as a concept is inadequate for describing the complex structure of human genetic



2.1. Understanding Skin Color, Race, and Ethnicity 15

variation (Gravlee, 2009, p.50).

The second perspective is the idea of race as a social construction in which there is a general

consensus in the social sciences. Race as a social construction should be understood as an idea that

evolved through social interaction, and that has been internalised as an objective reality (Berger

and Luckmann, 1966) In other words, the social construction of race implies that people acquires

the knowledge to understand that races can be classified by certain particularities in the type of

hair and skin colour, or cultural traits, but not by anthropometric measures such as short and tall

people. This construction is humanly produced and it has therefore an artificial burden that can

change from one society to another, as the perception of the determinants of a particular race

can be more or less flexible depending on the society. In North America and South America for

example, blackness and whiteness are perceived differently, and the same person could be ascribed

to different racial groups depending on the country they are located.

Race, therefore, can vary as a social construction, but skin colour as a biological category does

not. Skin colour, however, is an important factor in the construction of the idea of race, but it

is not a sine qua non of race. That is, the idea of race goes beyond skin colours and can be

understood even in a colour-blind context. For instance, the voice and the way of speaking in

a phone conversation can be truly indicators of race, skin colour is therefore not indispensable,

and it can even be in contradiction with the colour we expect for a particular race if a person has

Afro-descendant features but their skin colour is not what is considered black. Skin colour could

be sometimes ambiguous to determine race, as racialisation implies a characterization of the other

in which not only the skin colour is considered but also characteristics of the body and culture are

used as racial markers (Groothuis, 2020; Garner, 2017; Fanon, 1961). Racialisation, in this sense,

works as a kind of fetishism that allow to perceive race in social practices and objects which do not

have "skin colour". Blackness, or Indigenousness can be seen even through racial markers when

phenotypical information is not available or even when that information is in contradiction with

what we expect for a specific race.

Race differs from ethnicity, which refers to the ethnos: the collectivity and how we are related

with it (Østergard, 1992). It should be understood as a collective identity with putative common

ancestry that shares cultural symbols and practices like language, religion, and norms, and char-

acteristics such as type of diet, living style, and kinship (Cornell and Hartmann, 2007). In this

sense, ethnicity is a self-identity, and believed to be part of belonging to a group while race refers

to how the person is identified by others. In other words, race is the result of colonial encoun-

ters, whereas ethnicity is connected with the formation of the state-nation and the idea of national

identity (Bonilla-Silva, 1999).

Race and ethnicity can be therefore opposite categories if a person is ascribed to a group to which

they do not have an ethnic identity and sense of belonging. One does not have to be or self-identify

as part of a racial group in order to be classified as such (Kaufman, 2018), and vice-versa it is also
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true that a person does not need to look like a black to report an Afro-descendant ethnicity. Ethnic-

identity changes can be seen as a problem by researchers that conceive ethnicity as a biological

immutable characteristic; however, as a social constructed variable, ethnic identification is sus-

ceptible to variations over time. An indigenous person, for instance, who migrates to the city, has

family with a non-indigenous person and consequently changes lifestyle could eventually identify

themselves as non-indigenous as they could develop feelings of belonging to a different ethnic

group, socioeconomic status, educational level, or place of residence that could affect ethnic iden-

tities. Likewise, in multi-ethnic families, people can preserve language, religion, living styles and

identities even when they do not share anymore the general physical traits of their ancestors or the

group they belong to.

The concepts of race, ethnicity, and skin colour refer to distinct categories and must be understood

within a broader sociocultural context. Although race and ethnicity may include skin colour, they

are primarily socially constructed concepts based on culture, beliefs, and language, among other

physical characteristics. This social construction allows for racial and ethnic identities to exist

without common biological traits among their members. In contrast, skin colour alone is a bio-

logically determined category that can be imprecise as an identifier when considered in isolation.

It functions as a racial marker in combination with different factors. For example, an Indige-

nous person, an Afro-descendant, and a White-Mestizo could have the same skin colour, but their

identities become clearer when additional physical traits, culture, language, and other factors are

considered. In Colombia, ethnicity is preferred to determine cultural identities and it is generally

self-reported, but for deceased people, the ethnic identity is stated by their family. Since 2008 the

availability of ethnic mortality data and the improvement in the quality of the information have

allowed a better understanding of ethnic health inequalities in the country.

2.2 Racism as the Root Cause of Health and Social Inequities

The definition of race, as previously mentioned, remain contested, resulting in a blurred under-

standing of racism. Nevertheless, Racism is a concept that has been defined in various ways,

depending on the context of analysis. Some authors has defined it as a systematic forms of dis-

crimination in which non-White groups has been excluded from the access to power and resources

(Jones, 2000; de Benoist, 1999; Hall, 2018), while others view racism and racialisation processes

as mostly an ideology and psychological process, a type of "madness" or irrational behaviour; the

Frankfurt School understood racism as a syndrome characterised by frustration where prejudice

and stereotype play significant roles (Adorno et al., 1950, p.765). Still, others see it as encompass-

ing a variety of discriminatory forms at institutional, cultural, and individual levels (Jones, 2000;

Memmi et al., 2000; Krieger, 1999), and more recently, the problem of racism has been analysed

as an independent racialised social system (Bonilla-Silva, 1997). In this document, Racism is

conceptualised as a complex social system rooted in notions of racial superiority, which operates

through various mechanisms to produce social inequities. This occurs across multiple levels, in-

cluding individual, institutional, and cultural domains, and through diverse means such as cultural
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norms, language, social conventions, and stereotypes. See Figure 2.1 for a representation of the

system of racism.

Racism, in this sense, is a social phenomenon and represents the foundation for a particular form

of social organisation. It relies on three key elements -assumptions- that legitimise a specific racial

order: First, the notion of a superior "race" is established. Second, this superiority is determined by

biological or bio-anthropological factors. Third, this supposed "superior biological constitution"

is reflected in social inequalities, often perpetuating a form of social Darwinism. (see de Benoist

(1999, p.14) and Memmi et al. (2000, p.20) for additional assumptions).

It is not an exaggeration, therefore, to assert that racialised social systems have been a fundamental

form of social organisation in modern societies. Race is the major mode of social differentiation

that cuts across and takes priority over social class, education, occupation, gender, age, religion,

culture, and other differences (Smedley, 2007, p.19). Understanding racism as a social fact en-

ables us to distinguish its ideological aspects from its factual components and comprehend the

mechanisms through which an ideology of racial superiority translates into social inequities. This

perspective also clarifies why a racialised order may appear as a "natural" organisation in which

racist ideologies appear disconnected from a decision-making contexts which is assumed impar-

tial, leading to the emergence of social Darwinism as a consequence of presumed innate advan-

tages. The proposed definition of racism makes it clear why societies present high levels of racism

in the way of racial inequities, and at the same time it is not easy to identify the perpetrators,

we are in a society of racism without racists to the extent that no one see themselves as a racist

[Bonilla-Silva (2006), Memmi et al. (2000, p.19)]. This paradox arises from the fact that when we

are in a system of racism, perpetrators are no longer required (Jones, 2000; Bonilla-Silva, 1997).

Racism and colonialism are very closely related in the sense that colonialism has been presented

by racist ideologies as the means by which inferior races, presumed to be in an "arrested state

of development" and incapable of self-governance, were purportedly assisted by a superior race

to attain higher levels of civilization (de Benoist, 1999, p.18). This interpretation suggests that

racism can be perceived not solely as a manifestation of hostility, but also as a form of "altruism"

from a paternalism perspective. Paternalistic racism is conceived as the belief that individuals from

certain racial groups require the intervention and guidance of a knowledgeable -typically White-

person. This belief stems from the assumption that individuals who are uninformed or infantilised

-typically non-White- individuals, cannot be trusted to make decisions in their own best interest

(Baker (2015), VanDeVeer (2014, p.22)). Albert Schweitzer articulated this idea as follows:

"The Negro is a child, and with children nothing can be done without the use of

authority. We must, therefore, so arrange the circumstances of daily life that my

natural authority can find expression. With regard to the Negroes, then, I have coined

the formula: "I am your brother, it is true, but your elder brother." (Schweitzer, 1947,

p.185).
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Figure 2.1: Social System of Racism
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Figure 2.1 depicts the mechanism through which racism functions as a social system. The
concept of inferior/superior races is disseminated through various channels, legitimising a
racial hierarchy by promoting a dichotomy of social standards based on notions of "good"
and "bad" ideals in terms of religion, knowledge, beauty, language, art, among others. This
information racially filtered is then utilised by institutions, individuals, and algorithms to
make "the best" distribution of resources and selection of candidates: the choice of the
chosen ones. This process operates across all levels of society (parthnership, education,
labor market, politics, justice, health, residential space, etc.). It is presented as a "natural"
selection mechanism, wherein individuals consistently belonging to the same racial groups
emerge as either winners or losers. Consequently, this lead to a systematic and consistent
racial inequalities in the social reality which is perceived as "proof" of racial superiority,
thereby perpetuating and reinforcing the racial ideology in a cyclical manner. Source: Own
elaboration based on literature described in Section 2.2.
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Racism can manifest in various ways, impacting Afro-descendants and Indigenous populations

across different contexts. Section 2.6 discusses the main perspectives proposed to explain racial/eth-

nic health inequities. While racial health disparities can arise from diverse pathways, it is essential

to acknowledge that all these factors stem from a social system of racism and ideologies of racial

superiority. In essence, racism acts as the cause of the causes of health and social inequities,

even when health disadvantages may seem attributed to cultural practices or geographical factors;

it is evident that central governments show little interest in implementing measures to mitigate

cultural and environmental adversities. In 2012, during discussions about the Plan of Social In-

vestment for Antioquia, one of Colombia’s most significant regions, a White-Mestizo member of

the legislative assembly vehemently opposed social investments in Afro-descendant regions. They

expressed that "investing money in Afro-descendant regions is like putting perfume on shit"1, sug-

gesting that racial inequities are "natural" and inevitable. This statement underscores how racism

is a fundamental factor underlying health and social inequities across all contexts in Colombian

society.

2.3 Mortality Transition in Latin America

The mortality transition, understood as the process whereby human societies have moved from

scenarios of high mortality to very low mortality, has been somewhat a standard process in human

populations; however, not all societies have experienced the changes at the same speed. Accord-

ing to the theory of epidemiological transition put forward by Omran (1971), the main attribute

of the mortality transition is related to changes in the causes of death in which there is a charac-

teristic shift from high prevalence of infectious diseases towards high prevalence of degenerative

and man-made diseases. From Omran’s perspective, there are three clear stages in the transition

through which societies have to pass: first, the “age of pestilence and famine”, during which the

level of mortality is high and fluctuating, life expectancy ranges between 20 and 40 years, and

population growth is stagnant; second, the “age of receding pandemics”, during which mortality

declines, epidemics and infections becomes less frequent, and life expectancy improves consid-

erably to around 50 years; and third, the “age of degenerative and man-made diseases”, in this

stage, mortality continues decreasing with an stable trend, life expectancy continues increasing,

and fertility becomes a crucial factor in population growth. The changes and the transitions in

itself, will depend on improvements in socioeconomic conditions, improvements in public health,

and in medical science.

Changes in human populations over time have also been analysed from the perspective of the

“Health Transition” (Frenk et al., 1991a). This differs from the Epidemiological Transition Theory,

in the sense that the idea of a Health Transition has broader implications than the epidemiological

transition, and the characteristics of the observed changes are conceived as a dynamic process in

which health conditions are continuously being transformed. In other words, the Health Transition
1Here is a brief report of assembly session: https://www.elespectador.com/colombia/mas-regiones/la-plata-que-uno-

le-mete-al-choco-es-como-meterle-perfume-a-un-bollo-article-344843/
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perspective considers that diseases disappear, appear or re-emerge, rather than a simple unidirec-

tional transition over time beginning with infectious diseases and ending with non-communicable

and chronic diseases dominating the causes of death. The Health Transitions Theory considers

a context much more complex, in which the social environment plays a fundamental role via

economic structure, political institutions, science and technology, and culture and ideology. Ad-

ditionally, the genetic constitution, living conditions, and the individual behaviour constitute a

multicausal system that will determine health status as a final result of the balance between expo-

sure to disease agents and individual susceptibility.

The formulation of a more general demographic transition composed of three stages had been pro-

posed earlier in order to build a theoretical basis for the understanding of demographic changes

(Notestein, 1945; Landry, 1934; Warren, 1929). However, beyond the discussion about the de-

terminants of mortality change, there are three stages of the mortality decline that can be dis-

tinguished (Kirk, 1996). First, the appearance of the modern state and the monopoly of force

allowed, on one side, investments in agriculture and infrastructure that improved the production

and distribution of food, quality of water, hygiene, and nutrition; and on the other hand, tribal wars

disappeared and deaths from local conflicts were reduced significantly. Second, the discoveries

of Pasteur and Koch led to the treatment of diseases such as diarrhea and tuberculosis, which in-

creased child survival significantly. Likewise, progress in medicine and health education during

the inter-war period had a positive effect on survival chances. And third, the discovery of the

penicillin and the use of antibiotics represented a dramatic reduction in epidemic and contagious

diseases. Since the second world war and particularly in the last few decades, life expectancy has

continued improving, and a fourth stage in the mortality transition have been identified although

there is not a consensus in the interpretation of the change in mortality patterns, and the new

fourth stage has been called in different forms: “Cardiovascular revolution” (Vallin and Meslé,

2004), “The age of delayed degenerative diseases” (Olshanksy and Ault, 1986), “The Hybrisitic

Stage” (Rogers and Hackenberg, 1987). Regardless of the different definitions of a possibly new

stage in the mortality transition theory, these studies confirm that the demographic transition is an

unfinished process and that even a fifth stage could be determined by the re-emergence of infec-

tious and parasitic diseases in the form of outbreak of epidemics such as the Ebola virus and more

recently COVID-19 pandemic (Vilella and Trilla, 2021; Olshansky et al., 1998).

The mortality transition in Latin America has been an heterogeneous process with clear differences

among countries, but also within countries among social and ethnic groups, where there are impor-

tant differences. The co-existence of patterns from different stages of the demographic transition

in the same society, have been called “long-term polarization model” [Modelo de polarización

prolongada], (Frenk et al., 1989, p.31); “structural heterogeneity” [heterogeneidad estructural],

(Possas, 1991); and “regional heterogeneity” [heterogeneidad regional], (Di Cesare, 2010, p.7).

While in countries such as Peru and Bolivia infectious diseases are still among the most impor-

tant causes of death, in Argentina and Uruguay the incidence of these causes is minimal. On the

other hand, countries like Colombia and Venezuela present excessive mortality by external causes,
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mainly homicide (Di Cesare, 2010).

Table 2.1: Economic Modernization, Fertility Transition, and Mortality Profile for some Latin
American Countries

Economic Fertility Profil of
modernization transition mortality

I ADVANCED II VERY ADVANCED I ADVANCED
Argentina Argentina Argentina
Uruguay Uruguay Uruguay
Cuba Cuba Cuba
Chile Chile Costa Rica
Costa Rica
Venezuela

II PARTIAL AND RAPID II ADVANCED II MIXED
Panamá Costa Rica Venezuela
Brasil Venezuela Brail
Colombia Brasil Colombia
México Colombia México
Rep. Dominicana México Rep. Dominicana
Ecuador Rep. Dominicana Ecuador
Perú Ecuador

Perú

III INCIPIENT II EARLY III INCIPIENT
El Salvador El Salvador Perú
Guatemala Guatemala El Salvador

Source: (Frenk et al., 1991b, p.97)

A classic work by Frenk et al. (1991b) classified the Latin American countries in different stages of

the demographic transition according to its economic development, fertility, and mortality indica-

tors. The economic indicators consider aspects of urbanization, education, and the characteristics

of the national economy in terms of the major activities. The fertility indicators used include four

categories: TFR < 3; 3 < TFR < 4.5; 4.5 < TFR < 5.5; and TFR > 5.5. For the mortality

analysis, it used a ratio of the causes of death, in which the mortality rate of infection diseases was

divided by the mortality rate of non-communicable diseases. The analysis found that countries

such as El Salvador are in an incipient stage across all compared categories, whereas countries

like Argentina, Uruguay, and Cuba exhibit more advanced socioeconomic indicators and epidemi-

ological transitions, as shown in Table 2.1. However, the study highlights significant disparities

between rural and urban areas within the same countries. For instance, Venezuela was classified

as economically advanced within the region, yet its mortality indicators displayed a mixed pattern

characteristic of both incipient and advanced transitions. El Salvador and Guatemala lag behind in

terms of the transition. Guatemala historically presented a higher level of mortality than the rest of

the countries in the region; 61% of its deaths were caused by communicable diseases in the 90’s,

compared to 22% in Mexico, 13% in Chile, and 7% in Uruguay (Albala et al., 1997).

The eradication of inequalities in the region is unlikely to occur in the near future and will require
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a considerable amount of time. Life expectancy at birth in Costa Rica, Chile, and Cuba was

approximately 78 years in 2007. In contrast, Haiti, which was not included in the analysis by

Frenk et al. (1991b), had a life expectancy of less than 60 years. Given that the average increase

in life expectancy at birth (e0) in the region is 0.4 years per year, Haiti lags behind Costa Rica

by as much as 50 years (ECLAC 2010, p.38; ECLAC 2007, p.28). Significant disparities persist

in the Latin American region and are anticipated to endure over the coming decades. Addressing

this issue will necessitate structural changes in the health system. While the region has made

notable progress in reducing mortality, and some countries exhibit indicators comparable to those

in developed regions, a substantial portion of the population in these same countries continues to

experience unfavorable health conditions.

2.4 Mortality Transition in Colombia

Demographic changes in Colombia began in the 1950’s when fertility and mortality started to

show a decreasing trend (Banguero and Castellar, 1993; Florez, 1987). The urbanisation process

and the availability of contraceptive methods were among the main determinants of changes in the

population structure (Miller, 2005; Florez et al., 2000; Flórez, 1995). The rural population in the

country, for instance, was 61.4% in 1951, and in 1993 it had decreased to around 25%. This led to a

higher participation of woman in the educational system, in the labor market, and in general, it led

to a more emancipated role of women in society and consequently to a significant fertility decrease

(Flórez, 1995). The population changes associated with the demographic transition occurred in

Colombia with unusually accelerated speed, and it is not totally clear the role of the internal

conflict on the demographic transition, particularly on the role of young woman and families that

lost their male members. Such a situation could push women out of the house towards more active

roles, thus also accelerating the urbanisation process in rural areas.

In the 1950s, Colombia experienced a period known as La Violencia [The Violence] (1946–1958),

one of the most intense periods of internal conflict in Colombian modern history (Bailey, 1967;

Guzmán et al., 1962). Despite this turmoil, mortality began to decrease during the same period,

and at a faster rate than the decline in fertility. By the end of the 20th century, Colombia had shifted

from a situation where the main causes of death were infections and parasitic diseases (Banco-De-

La-República, 1951), to one where cancer, cardiovascular, and degenerative diseases became the

major causes of mortality. The effects of La Violencia significantly altered the main components

of mortality causes, and in the 1980s, with the rise of paramilitary groups, drug cartels, and the

intensification of the internal conflict against guerrilla groups (Palacios and Safford, 2002; Florez

et al., 2000), homicide emerged as one of the leading causes of death, as illustrated in Figures 2.2

and 2.4. "This social and epidemiological situation slowed the country’s mortality transition from

communicable to chronic-degenerative diseases in the country" (ECLAC, 2010, p.63).

During the first half of the past century, almost 50% of the total deaths in Colombia were children

(Florez et al. (2000), see also Figure 2.3). The introduction of an extensive vaccination programme
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Figure 2.2: Main Causes of Death in Colombia Between 1946 and 2001 (rate * 100,000)

Figure 2.2 shows changes of the causes of death in Colombia between 1946 and 2001. Infectious
and nutritional diseases decrease significatively while homicides, cancer, and cerebrovascular
diseases increased from 1980’s onwards.
Source: (Jiménez-Peña, 2014, p508).

across the country had therefore a considerable impact on mortality decline. Improvements in

the diet as result of a higher purchasing power had a similar effect, as these allowed families

to introduce a higher proportion of proteins in children’s nutrition. For instance, in 1953, dairy

products, meat and eggs represented around 40% of the average income of a Colombian family,

while in 1998 the same products constituted only 11% of the income (Kalmanovitz and López,

2007, p.164). The urbanisation process likewise played a fundamental role in mortality decline as

it allowed better housing and hygiene conditions; and in particular, the population migration from

rural to urban areas extended the coverage of public health campaigns and allowed more effective

measures to reduce malaria related deaths (Sarmiento, 2000; Florez et al., 2000; Flórez, 1995).

Crude death rates in Colombia shifted from 16.68 total deaths per 1, 000 inhabitants during the

period 1950− 1955 to 6.31 during 1980− 1985 and from 123 infant deaths per 1, 000 live births

to 41 for the same period (ECLAC, 1990, p.9-10).
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Figure 2.3: Proportion of Deaths by Age Groups in Colombia Between 1946 and 2001. All Causes
of Death

Figure 2.3 presents the changes in the age at death for the Colombian population during the

second half of the last century. Child survival started improving from the 60’s on while the

number of people dying at older ages increased significantly. During the period, deaths from

people under age 5 dropped from 50% to around 10% of the total deaths in the country.

Source: (Jiménez-Peña, 2014, p494).

The real effect of the Colombian internal conflict and political violence on the population changes

are still under debate. However, the accelerated migration and displacement of ethnic population

from rural to urban areas were strongly influenced by the rural violence (Gómez, 2014; Oslender,

2007; Escobar, 2003; Florez et al., 2000). The urbanisation process contributed to reducing mor-

tality, as in cities people could access health care and better public services such as clean water.

Additionally, the escalation of urban violence in the main Colombian cities played a fundamental

role in terms of shaping the mortality patterns by cause, gender, and age. Gangs and militias groups

existed in urban areas since the 60’s, but it was only in the 80’s when they developed a high degree

of specialisation at the level of drug-trafficking gangs (Melguizo and Cronshaw, 2001). Homicide

emerged as one of the main causes of death and increased considerably by the end of the 1970’s of

the last century, as shown in Figure 2.4. At the same time, mortality between ages 15− 44 shows

an noticeable increase (Figure 2.3), presumably as a consequence of the violence.

The demographic transition, among other factors, has been understood as concomitant to improve-

ments in the general social conditions of the population and the modernization of the health care

system. However, in developing countries it does not always follow the same pathway. Signs

of a demography transition are not necessarily related with social improvements, and exogenous

factors such as contraceptive pills and vaccines can induce the effects of demographic transition
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keeping the general conditions more or less in the same stage. Poor countries that were relatively

untouched by development showed clear signs of rapid population changes, and fertility declined

as many developing economies stagnated or lost ground in the 1980s (Robey et al., 1993). In

Colombia, it could have been the case in some rural areas; however, in general terms, there was

an important improvement in the social conditions and hygiene that help to prevent infections

diseases in particular (Sarmiento, 2000; Florez et al., 2000). Additionally, the role of the Pan

American Health Organisation (PAHO) was crucial in terms of guidelines and implementation of

health policies that helped the country to reduce mortality (Hernández et al., 2002).

Figure 2.4: Percentage of Deaths by Homicide and Injuries of the All Deaths in Colombia Between
1946 and 2001

Contribution of deaths by homicide during the mortality transition in Colombia.

Source: (Jiménez-Peña, 2014, p524).

Colombia has experienced important changes in terms of the mortality transition. The country is

ongoing rapid improvements in sanitation and living standards, with medical and public health

measures contributing significantly, and at the same time, causes of death in the population such

as chronic degenerative diseases, heart disease, and cancer become more frequent, especially in

urban areas. These demographic changes, however, are not taking place uniformly across the

country. That is, there is little evidence of territorial convergence, particular ly in terms of causes

of death. Regions in Colombia like Chocó, a region mainly inhabited by Afro-descendants in the

pacific zone, and La Guajira, and Nariño, two departments with a high proportion of Indigenous

population, show a high levels of deaths by infectious diseases. In contrast, Bogotá and other

cities in the center of the county present a higher prevalence of cancer and degenerative diseases

(Spijker et al., 2020; Otero, 2013).
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Colombian’s mortality transition and causes of death, although with some particular characteristics

related to urban violence, show the general patterns of the Latin American structural heterogeneity

and epidemiological polarisation (Di Cesare, 2010; Possas, 1991; Frenk et al., 1989). This means

different regions or different social groups (such as the White-Mestizos, Indigenous and Afro-

descendants groups), reside in the same country but are at different stages of the mortality and

epidemiological transition.

2.5 Ethnic Patterns of Mortality

Improvements in life expectancy and mortality reduction have been a constant trend in the world

population, as clearly illustrated in the global demographic transition. The “amount of gain”,

however, has been varied across regions and social groups. Health improvements have not been

fairly “distributed” (Nazroo et al., 2006; Hummer et al., 2004; Williams and Collins, 2001). Eth-

nic groups, for example, continue to lag behind in terms of health outcomes. For instance, the

ethnic population is over-represented in COVID-19 related mortality and critically ill COVID-19

patients, due to the higher risk of exposure especially those in the lower-qualified occupations

(Aldridge et al., 2020; Gross et al., 2020). This highlights again the historical condition of social

disadvantage and health inequalities in ethnic minorities.

Social and health disadvantages have been well-documented in different ethnic groups across the

world. A large part of the differences are reflected in the ethnic domain, as a mechanism through

which social status and social recognition are granted (Telles et al., 2015; Urrea-Giraldo et al.,

2014; Wade, 2010a), principally in societies with a colonial past. Race and ethnicity have there-

fore acted as a social “filter” to determine the access to social rights and prestige. For exam-

ple, colonial laws such as the “Compiled Laws of the Indian Kingdoms”(1680) prohibited Black

and Indigenous individuals from holding administrative positions in colonial territories, and the

Catholic Church forbade interracial marriages between Blacks and Whites (Urrea-Giraldo et al.,

2014). Consequently, social exclusion of Indigenous and Afro-descendant populations has been

a persistent practice that continues to this day (Wade, 2010b). In Colombia, Blacks have lower

incomes compared to Whites; people from ethnic minority groups earn between 30% and 66%

of what a White person earns (Flórez et al., 2003). Furthermore, according to four racial cate-

gories (Black, Mestizo, Mulato, and White), the darker the individual’s skin color, the greater the

income disparity compared to their White peers (Viáfara, 2017). A similar pattern was found re-

garding education (Telles et al., 2015). Likewise, many Indigenous people live in extremely poor

conditions in rural areas, under a situation of structural discrimination, especially in health and

education where considerable differences exist. (Del-Popolo and Oyarce, 2005; Psacharopoulos

and Patrinos, 1994).

A historical analysis of mortality patterns in Colombian ethnic population is not possible, as ethnic

information in mortality registers were collected only from 2008 onward. However, recent studies

have shown a mortality gap between ethnic and non-ethnic population. The odds of child mortality
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Figure 2.5: Distribution of the Afro-descendant Population in Colombian Regions

Figure 2.5 shows the regions where Afro-descendants are the largest percentage of the population.
Historically, the Pacific and Atlantic coast have been the geographical areas where the most of
Afro-descendants are located. The cities of Cali in the department of Valle del Cauca, and Carta-
gena in the departmento of Bolivar constitute the two cities in Colombia with the highest number
of people with African background. Darker colors on the map represent a higher concentration of
Afro-descendants.
Source: Own elaboration based on 2018 Census data.
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for instance, are 25% higher in Colombian Afro-descendant women than White-Mestizo, and this

gap has remained stagnant across different cohorts (Palacios, 2018). These findings are attributed

to socioeconomic and educational differences between groups, but also because ethnic minorities

in Colombia are less likely to have access to health care than other population groups (Bernal and

Cárdenas, 2007). Deaths in ethnic population are usually concentrated in young ages and most

of them die due to external causes; about 40% of total deaths of Afro-descendants before age 14

are due to homicide, and more than 50% of total males die before age 45 (Urrea-Giraldo et al.,

2015). Self-rated health has proven to be worse in Indigenous and Afro-descendant people. This

indicator, although is a subjective measure, has proved to be a reliable proxy of objective health

and quality of life, and to be closely related to socioeconomic conditions (Maniscalco et al., 2020;

Wu et al., 2013; Yamada and Takahashi, 2012). Indigenous and Afro-descendant people have less

chances of having a good self-perceived health than White-Mestizo groups, and the perception

could be worse at older ages as a result of a cumulative effect over time, marginalisation and

geographical segregation (Mendez et al., 2020; Agudelo-Suárez et al., 2016).

The use of geographical regions as proxy of ethnicity has been a common methodological al-

ternative to overcome problems of ethnic data scarcity in Colombian comparative ethnic studies.

The Colombian geography has a had an important association with ethnicity and health. In the first

case, there are regions in the country that historically have been populated by certain ethnic groups.

Afro-descendants for instance, have been located mainly along the Pacific and Atlantic coast, par-

ticularly in the departments of Valle del Cauca, Chocó, Cauca, Nariño, and Bolivar where there

are the higher number of persons that identified themselves as Afrodescedants. Indigenous groups

on the other hand have been located in the south of the country, the departments with a higher per-

centage of Indigenous population in Colombia are Vaupes, Guanía, Vichada, Amazonas, Cauca,

y La Guajira in the north of the country (Departamento-Administrativo-Nacional-De-Estadística,

2019a,b). See Figures 2.5 and 2.6.

The second aspect in the Colombian context is the particular relationship between geography and

health; for instance, malaria and other vector-borne diseases are specific in some Colombian ge-

ographies; likewise, some natural phenomena such as “El Niño” can affect the incidence rates of

infectious diseases and malnutrition. Findings in this regard have shown that health regional dif-

ferences in Colombia are not only based on ethnic composition but also on characteristics of the

regions themselves such as the altitude, temperate, humidity, and precipitation, that create adverse

conditions to develop particular diseases (Paéz et al., 2012; Moreno, 2006). The mortality transi-

tion in Colombian regions and departments have been thus quite heterogeneous. The differences

are similar to differences between developed and developing countries, and although different fac-

tors converge for the explanation of the inequalities, it is also clear that the racial factor have been a

constant pattern of regional inequalities. Table 2.2 shows the changes in under-five mortality rates

in Colombian departments from 1998 to 2012. The estimations did not consider under-registration

of mortality, so it is likely that the reduction of mortality can be over-estimated, principally in

departments with a high proportion of ethnic population such as Vichada that appears as the de-



2.5. Ethnic Patterns of Mortality 29

Figure 2.6: Distribution of Indigenous Population in Colombian Regions

Figure 2.6 The map shows regions with a majority Indigenous population. Indigenous peoples
are primarily located in the south of the country and in La Guajira, in the north. Darker colors
represent a higher concentration of Indigenous populations. In contrast, the lighter-colored areas
in the center of the country are predominantly inhabited by the White-Mestizo population, with a
low proportion of Indigenous and Afro-descendant residents.
Source: Own elaboration based on 2018 Census data.



30 Chapter 2. Ethnicity and Mortality in Colombia and Latin America

Table 2.2: Changes in Mortality Rate in Children Under Age Five, from 1998 to 2012 by Depart-
ments

Department Rate 1998 Rate 2012 Variation (%)

Vichada 883.0 198.1 -77.6
Quindio 488.5 187.0 -61.7
Caquetá 638.3 249.9 -60.9
Antioquia 391.0 179.3 -54.2
Calda 396.7 187.6 -52.7
Casanare 464.3 221.4 -52.3
Tolima 429.4 206.7 -51.9
Boyacá 398.4 202.5 -49.2
Norte de Santander 412.0 214.1 -48.0
Huila 461.0 247.6 -46.3
Bogotá, D.C 434.3 240.7 -44.6
Risaralda 371.0 207.8 -44.0
Santander 327.5 183.8 -43.9
Guaviare 249.2 141.7 -43.1
Arauca 339.0 193.7 -42.9
Cundinamarca 345.4 206.2 -40.3
Putumayo 279.4 170.2 -39.1
Cauca 413.6 253.6 -38.7
Atlántico 416.6 255.4 -38.7
Valle del Cauca 325.1 200.5 -38.5
Meta 415.5 261.7 -37.0
La Guajira 399.1 251.9 -36.9
Guanía 491.2 314.4 -36.0
Bolivar 398.6 267.4 -32.9
Sucre 293.7 215.2 -26.7
Nariño 229.6 177.9 -22.5
Amazonas 481.9 388.4 -19.4
Magdalena 337.6 274.4 -18.7
Córdoba 352.7 291.8 -17.3
Chocó 379.9 327.7 -13.7
San Andrés y Prov. 242.6 314.8 +29.8
Cesar 251.4 361.3 +43.7
Vaupés 234.9 385.5 +64.1

Table 2.2 presents children mortality rates between 1998 and 2012 and the percentage variation
during the period. The Afro-descendant department of Chocó has the lowest reduction in child
mortality, while the Caribbean Afro-descendant region of San Andrés y Prov. present an increase
of 29.8%. Likewise, the departments of Cesar and Vaupés which report a largest percentage of
Indigenous population, increased child mortatlity 43.7% and 64.1% respectively.
Source: (Giraldo et al., 2017, p246)

partment with the greatest mortality reduction. However, in general, the regions where Indigenous

and Afro-descendants ethnic groups reside, such as Vaupes, Amazonas, Chocó, and La Guajira,

display the lowest levels mortality decline. The department of Cauca for example, in which 24.8%
and 32.19% of its population reported themselves as Indigenous and Afro-descendant respectively,

shows evidence of mortality improvements; however, they progress at a lower pace than the av-

erage department in the country. In some cases, the differences between ethnic regions and the
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average national indicators is becoming wider; see Table 2.3.

Table 2.3: Demographic Indicators in Colombia and Cauca, 1935-2025

Population/Indicator a 1938 1951 1964 1973 1985 1995 2005 2015 2025

CDR (*1000)
Colombia 22.4 17.2 13.5 9.8 6.8 7.1 7.8 8.9 10.3
Cauca 22.5 17.5 15.0 11.8 10.4 9.2 8.8 9.2 9.8
e0 Male
Colombia 40.0 45.5 53.3 58.6 63.1 65.3 66.7 67.4 67.9
Cauca 40.9 46.4 50.2 53.4 57.1 59.9 62.2 63.7 64.5
e0 Female
Colombia 43.8 50.7 56.7 62.8 67.9 70.5 72.2 72.9 73.5
Cauca 44.7 51.6 52.1 56.8 61.9 65.2 68.2 70.3 71.6

Table 2.3 presents comparisons of crude death rates (CDR) and life
expectancy at birth (e0) between Colombian national average and the
department of Cauca, in which a considerable proportion of Afro-
descendant and Indigenous populations are located. The estimations
show that differences in CDR and e0 have increased over time.
Source: (Banguero, 2005, p79)

aEstimations based on the Censuses from 1938, 1951, 1964, 1973 and 1985. For the
years 1995, 2005, 2015, and 2025 estimations are based on projections

Mortality transition is therefore lower in departments with a higher proportion of the population

from less advantaged ethnic groups. They present a higher mortality level compared to majority

White-Mestizo regions, and additionally, Indigenous and Afro-descendant people are still strug-

gling with deaths attributed to infectious and communicable causes. In 1997, there were 180, 910

people diagnosed with malaria in Colombia; in 1998 it increased to more than 200, 000 cases,

the majority of them were from the Pacific Coast, especially from department of Chocó, a typi-

cal Afro-descendant region where 200 out of 1, 000 inhabitants acquired the disease (Sarmiento,

2000). In terms of life expectancy, historical estimations show that the Pacific Coast [Litoral Pací-

fico] has been under the national average. Table 2.4 shows the life expectancy at different ages

and by sex; the table compares the trends of the life expectancy in the Colombian Pacific Coast

with the life expectancy of the country for the same age group. Although the periods of analysis

are slightly different for the Pacific region and the country, it gives however a general idea about

the differences in life expectancy between regions during periods of time relatively similar. For

instance, in the Pacific region life expectancy for males at age 15 was 47, 03 years during the pe-

riod 1993 − 1998, while at national level almost for the same period: 1995 − 2000, it was 53.67

years. The difference was 6.64 years. However, for the period 2008− 2013 for the Pacific region,

and 2010 at national level, the difference was 10.5 years. This suggests that the differences in life

expectancy between the Litoral Pacífico and the national average have increased over time.

Regions with a higher proportion of Indigenous and Afro-descendants residents in Colombia show
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Table 2.4: Life Expectancy in Colombia by Age and Sex in the Litoral Pacífico (L.P) and at
National Level (Col)

L.P Col L.P Col L.P Col L.P Col
Age 1993-

1998
1995-
2000

Diff. 1998-
2003

2000 Diff. 2003-
2008

2005 Diff. 2008-
2013

2010 Diff.

Male
15 47.03 53.67 -6.64 46.88 56.99 -10.1 46.90 59.51 -12.6 50.30 60.79 -10.5
20 42.99 49.43 -6.44 42.86 52.76 -9.9 42.89 54.98 -12.1 46.04 56.27 -10.2
25 39.35 46.49 -7.14 39.27 48.93 -9.7 39.30 50.78 -11.5 42.10 52.01 -9.9
30 36.03 42.79 -6.76 36.02 45.07 -9.1 36.06 46.56 -10.5 38.41 47.78 -9.4
Fe-
male
15 53.98 59.11 -5.13 54.54 64,84 -10.3 56.45 65.74 -9.3 58.80 66.69 -7.9
20 49.48 54.59 -5.11 50.00 60.07 -10.1 51.79 60.93 -9.1 54.05 61.84 -7.8
25 45.08 50.09 -5.01 45.53 655.31-9.8 47.20 56.14 -8.9 49.35 57.02 -7.7
30 40.76 45.49 -4.73 41.16 50.53 -9.4 42.69 51.32 -8.6 44.71 52.19 -7.5

Table 2.4 presents life expectancy estimations for similar periods comparing the Litoral
Pacífic (L.P.), which is a region with predominantly Afro-descendant population, with the
Colombian national average (Col). The L.P. showed life expectancy for males at age 15 of
47.03 years for the period 1993 − 1998 while the national average was 53.67 years during
1995−2000. The difference was 6.64 years of life, but for 2010, this increased to 10.5 years.
The difference of lifespan between the average national and the ethnic minority groups has
increased over time.
Source: (Carabali et al., 2021, p153)

improvements in life expectancy and mortality, and in general, they present a similar decreasing

trend to the national mortality patterns. However, the changes have been in lower proportion, and

in some cases, health differences in relation to non-ethnic regions has increased. The present study

will analyse the ethnic population at a national level to understand the true state of the mortality

differences among ethnic groups in Colombia.

2.5.1 Limitations of Previous Studies

Previous studies on ethnic mortality in Colombia have utilised ecological designs due to the lack

of ethnic information at the individual level. For instance, regional data has been employed as a

proxy for ethnicity to analyse ethnic disparities in health. However, this methodology has several

limitations, including issues with data quality due to under-registration by regions, confounding

factors, and challenges in establishing causality at the individual level using group or regional

exposure measures (ecological fallacy) (Nazroo and Becares, 2020; Wu et al., 2020; Wakefield,

2004). Moreover, these studies often overlook the consideration of racism as a fundamental deter-

minant of health and mortality inequities.

Using regional data as an indirect approach to examine health ethnic disparities in Colombia pro-

vides valuable insights into the social disadvantages faced by ethnic groups in the country. But

this methodology presents notable challenges when attempting to distinguish the impact of ethnic
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discrimination from various other factors, such as geographical areas with higher risk of disease or

higher levels of pollution due to economic activities like mining in ethnic regions. Furthermore, the

use of geographical regions as a proxy variable for ethnicity assumes ethnic homogeneity within

Colombian departments and supposes a similar risk of death for the whole population within a re-

gion, although with variations between departments and across the country. These assumptions are

quite questionable, especially considering the significant variations of social indicators between

the central and peripheral municipalities within departments, as well as the racial heterogeneity

of the regional population. Additionally, an ecological perspective on analysing health ethnic dis-

parities may inadvertently neglect ethnic populations residing in major urban centers, particularly

Afro-descendant communities, which are primarily concentrated in urban areas. This oversight

is notable considering that these urban-based ethnic populations, while constituting a significant

portion of the overall ethnic group, may be relatively a small figure in large cities for a regional

analyses.

An additional limitation of ecological approaches to analysing racial and ethnic social inequalities

is that they usually neglect racism as one of the fundamental causes of social inequities. Colom-

bian studies on health conditions of Indigenous, Afro-descendants, and White-Mestizo groups

have normally focused on correlation analysis considering healthcare infrastructure, administra-

tive centralisation, and risk factors linked to the social environment. However, they do not consider

the historical conditions of colonisation, slavery, and the "culture" of racial superiority that gener-

ates discrimination and exclusion of ethnic minority groups. The consideration of individual-level

data in the present document would offer an opportunity to address many of these limitations and

provide a more comprehensive understanding of racial and ethnic health disparities in the country.

2.6 Theoretical Perspectives of Ethnic Studies

It has been scientifically proven that racialised groups present poorer health and shorter lifespan

than non-racialised groups. However, to what degree ethnic health differences are socially or bio-

logically determined, remains contested. Different approaches have been proposed as theoretical

foundation of racial health inequalities. Although the word “race” appears in European languages

about the 14th century, it was used to categorise human populations only after the 18th century.

After the emancipation of the slaves, the interest in understanding human physical variations

was more evident, in order to legitimate a supposed innate superiority in the racial hierarchies

in which Europeans were at the top: the so-called scientific racism (Wade, 2008; Braun, 2002;

Haller, 1970). More recent studies have analysed the relationship between ethnicity and health

from a wide range of perspectives that, in general, can be grouped in five general models: a racial-

genetic model, health-behaviour model, socioeconomic status model, psychosocial stress model,

and structural-constructivist model (Dressler et al., 2005; Dressler, 1993). A similar analysis fo-

cusing on macro-social influences, behavioral risk factors, risk taking and abusive behaviours,

adaptive health behaviours, and health care behaviour was made by the National-Research-Council

(2004a).
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2.6.1 The Racial-Genetic Model

The racial-genetic model considers race differences in health as biologically determined, and race

is taken as a biological category through which is possible to elucidate the genetic human diver-

sity (Banda et al., 2015; Jakobsson et al., 2008). Genetic traits of a particular race, therefore,

could be considered a risk factor of disease. Sirugo et al. (2019) reports that cystic fibrosis has

a high prevalence in Europeans, but it is rare in Africans. This is due to a mutation of a gene

named DeltaF508 that causes 70% of the cases in White-Europeans and only 29% in Africans.

In contrast, African descendants are almost exclusively affected by cardiac amyloidosis due to a

amyloidogenic mutation known as V122I (Buxbaum and Ruberg, 2017; Buxbaum et al., 2006).

In Brazil for instance, the Afro population show higher mortality by cardiovascular diseases, pri-

marily by stroke (Lotufo et al., 2007; Kemp et al., 2016). Similar evidence was found among the

Afro-population in the United States, where it was suggested that differences in stroke mortality

between Black and White people may be a result of biological differences determined by dispar-

ities in lipoproteins (Mukaz et al., 2020; National-Research-Council, 2004e). It has been argued

that genetic traits play a crucial role in lifespan; so the probability of achieving the oldest age

groups in the population is determined, in large part, through a mechanism of genetic selection, in

which excessive young-age mortality is a consequence of the frailty or biological pre-disposition

to an early death (Vaupel, 2001). In that sense, lifespan largely will depend on genetic factors, and

even among people with different social backgrounds, mortality differences will disappear with

age if they have resistant genes and survive the mortality selection process of the youth (Beckett,

2000).

The significance of biology in population health studies is unquestionable. However, a racial-

genetic characterisation has been questioned for trying to transform race into a biological con-

cept, ignoring that changes in genetic traits are not determined by race, but by geographical re-

gions (Wade, 2012; Sankar et al., 2004). For example, among Black population from West Africa,

Black Caribbean, and Blacks from the US, variations in prevalence of heart diseases and hyper-

tension were found. While West-African Blacks show the lowest prevalence with around 15%,

the US Blacks displays the highest prevalence with around 35% (Cooper et al., 1997). Despite

the poor empirical evidence, and the growing consensus that race is a social construct without

biological meaning, the racial-genetic model has remained as it appeared to be consistent with the

Western European and American biological construction of race (Sankar et al., 2004).

The racial-genetic model has therefore been thoroughly discredited as a methodology for explain-

ing health and mortality variations among racial and ethnic groups due to its lack of scientific

validity. While human genetic variations do exist, race is an inadequate framework for understand-

ing biological differences among humans (Jorde and Wooding, 2004; Goodman, 2000; Ehrlich and

Holm, 1964; Wilson and Brown, 1953). Firstly, human variation is continuous across space, with

skin color, for instance, gradually changing from one place to another, making it difficult to define

the boundaries of racial groups. Additionally, skin color employed as a criterion for racial classi-
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fication, reflects a non-concordant genetic variation across the human population, indicating that

traits like hair, skin color, or height are independently distributed from "resistance genes"; "race"

thus fails to predict lifespan or susceptibility to diseases. Moreover, while the understanding of

how "race" should be conceptualised remains contested, it is clear that human variations are deter-

mined by spatial changes. Individuals of the "same race" but from different geographical locations

exhibit more genetic variation than individuals of "different races" located in the same geographic

area. These limitations render a questionable approach to explaining social inequalities.

2.6.2 The Health-Behaviour Model

Health-behaviour models, unlike deterministic biological models which argue that health dispar-

ities are determined even before people are born, incorporates a stochastic element in health out-

comes based on the decisions that the individuals make throughout their lives. In that sense, health

inequalities among racial groups are explained by the individual behaviour that, in the case of the

black people, is assumed to be less healthy than in the case of a white person (Dubowitz et al.,

2011; Winkleby and Cubbin, 2004).

Studies from this perspective focus on smoking, eating habits, physical activity, and alcohol con-

sumption as risk factors of chronic diseases. For instance, some studies have shown that health

differences between Whites and Blacks in the U.S are due to the fact that Whites consume on

average more fruits and vegetables, have a lower prevalence of smoking, practice more physi-

cal activities, and have a lower caloric intake than Blacks (Dubowitz et al., 2011). On the other

hand, there is evidence that alcohol intake and cigarette smoking is higher in Whites than in other

racial groups (Saint Onge and Krueger, 2017; Krueger et al., 2011). Evidence based on individual

behaviour to explain health disparities among social groups is not always consistent; the correla-

tion between racial groups and health behaviours present a cross-over in the long term, as people

change their behaviour over time; so although black people have a higher consumption of alcohol

and cigarette in young ages, it is not true for older age groups where white population present a

higher prevalence (Winkleby and Cubbin, 2004).

This model explains and identifies the determinants of health at an individual level; however, it

is unclear why health behaviours change with age, or in other words, it cannot explain why some

people cannot change their behaviours. For this reason, the health behaviour model does not ex-

plain morbidity and mortality differences per se, and it provides a narrow insight into the practice

of health in the general society, as they are detached from the social context (Saint Onge and

Krueger, 2017). Additionally, health behaviours are shaped by economic and political structures

that make it impossible for some individuals to avoid certain risk behaviour, even when they know

them; for example, homeless people and sex workers (Frohlich et al., 2001; Link and Phelan,

1995). Therefore, this model could lead to an incorrect identification of the causes of health dis-

parities by focusing on individually-based risk factors, and making individuals responsible for the

health outcomes in society. That is, the individual is seen to be ultimately responsible for their
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behaviour as if there were no systematic influences, sociocultural context, or social meaning as-

cribed to their behaviour. This has led to an understanding and transformation of the social policy

into a “personal policy” based on surveillance and control at an individual level, leaving the social

determinants of health inequalities untouched (Frohlich et al., 2001; Link and Phelan, 1995).

2.6.3 Socioeconomic Status Model

Several studies have shown that a large part of the morbidity and mortality differences among

racial and ethnic groups are due to socioeconomic status (National-Research-Council, 2004c;

Rogers et al., 2000). The measure of social inequalities, however, has not been exempted from

debates about what approaches to use when it comes to determine social status, and through which

mechanism social advantages are being translated into health advantages (Abel and Frohlich, 2012;

Crimmins et al., 2004a; Rogers et al., 2000). It is supposed that health outcomes are determined

by social conditions, but there is evidence that the causality could occur in both directions; that is,

health may also determine socioeconomic status (Smith, 1999). Nevertheless, there is, in broad

terms, a consensus within social epidemiology that macro-social variables determine individual

outcomes, and not vice-versa (Link and Phelan, 1995). The influence of socioeconomic status

on health is measured through educational levels, income, occupation, and wealth. In the case of

education, the mechanism through education influence health conditions is important, as health

care behaviour and disease prevention is determined by an individuals education level; higher lev-

els of education are generally associated with better health outcomes (Crimmins et al., 2004a;

Lynch, 2003). Likewise, occupation is related to health to the extent that some professions are

less exposed to health-threatening conditions than others (Crimmins et al., 2004a). In general,

families of higher social status and income have predisposed resources to avoid and buffer health

problems (National-Research-Council, 2004c).

The socioeconomic status model shows how changes in living conditions affect health outcomes

for social groups, and why racial and ethnic groups show systematically worse health conditions

across different societies. The relationship between adverse socioeconomic conditions and higher

morbidity and early mortality appear to be linear; however studies have shown that the strength

of the correlation varies over time and life stage, and becomes minimal in older-age groups and

more intense during the childhood. A large part of the health conditions in the adulthood will be

determined by childhood circumstances (Blackwell et al., 2001; Hayward et al., 2000), and part of

the mortality gap between black and white population are explained by socioeconomic conditions

in early life (Warner and Hayward, 2006). Lower socioeconomic status does not only mean higher

mortality in racial groups, but also earlier onset of serious diseases and a longer unhealthy life

before death (Crimmins et al., 2004a);

The socioeconomic disadvantages experienced by minoritised ethnic groups result from system-

atic discriminatory policies that have historically produced and perpetuated ethnic inequalities.

Racism should therefore be considered as one of the key factors of social inequities in contempo-
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rary societies. Despite often being overlooked in analyses of the causal factors of ethnic health

inequalities within the socioeconomic status model, research has demonstrated that racism has

long-term effects throughout individuals’ lifespans (Stopforth et al., 2022), and its consequences

can be transmitted across generations (Hankerson et al., 2022; ONeill et al., 2016). While racism

may not always be easily measurable or available for socioeconomic analysis, it profoundly influ-

ences the social organisation of the Colombian society, rooted in colonial and slavement historical

events.

The socioeconomic status model has some limitations in term of explaining effects on health that

are not captured by the social status. For example, the process through which social groups are

constituted could potentially generate a selection bias that may improve health outcomes signifi-

cantly in specific groups (National-Research-Council, 2004f). Biases in selection mechanisms can

improve average health outcomes of particular social groups for two reasons. First, the migration

process works as a filter in which the stronger and healthier members of each family are normally

selected to migrate (because it is believed that they have higher probabilities of success during the

stressful experience). This implies that migration improves the average health of receiving coun-

tries, and particularly the average health of communities of migrants through a healthy-migrant

effect. The so called Hispanic Paradox is one example of group-selection bias in which Hispanic

people in the USA, in spite of their lower socioeconomic status, present better health outcomes

than the local population (Markides and Coreil, 1986). Second, it is also likely that old and un-

healthy migrants may decide to return to their countries of origin to spend the last years of life

with their families. This phenomenon is known as salmon-bias effect, as a proportion of migrants

return to their homes to die. As a result, mortality measures in migrant population could be un-

derestimated (Palloni and Arias, 2004; Abraido-Lanza et al., 1999). Health differences thus can

not be only explained from a socioeconomic status perspective. Additionally, the measurement

of health differences based on education could be imprecise, given the existence of considerable

differences in quality of education outcomes between Blacks and Whites, even if they have the

same years of education (Hanushek and Rivkin, 2006). Similarly, the measurement of income as

an indicator of social status may not reflect earnings over ones lifetime (Winkleby and Cubbin,

2004). So income is a good proxy of social status only if the reported income is correct and is

measured over a reasonably long period of time. The socioeconomic status model, in general, has

problems accounting for health differences when determinants of health fall outside of the market

due to decommodification (Anderson, 1990). In other words, if relative health advantages are not

necessarily "acquired" through the market but are obtained through different mechanisms, such as

migration as has been the case of the Latin American Population in the US, then it is probable that

we ended up with a healthier population in groups with lower socioeconomic status, which is not

necessarily straight forward in terms of explanation.

Health differences are determined by various factors, some of which are intertwined with the ethnic

context, such as cultural identity and discrimination in social policies. These factors could signif-

icantly contribute to understanding mortality differences between White and non-White groups.
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In the Colombian context, it is likely that the disparities in mortality and life expectancy among

Indigenous, Afro-descendants, and White-Mestizos groups are associated with socioeconomic fac-

tors and geographical segregation. Particularly, racial and ethnic inequalities in the country may

be deeply rooted in a colonial discriminatory social structure.

2.6.4 Psychosocial Stress Model

The psychosocial stress model analyses the effect of racism and discrimination on ethnic health

differences, and extends the analysis to a new methodological approach of population health in-

equalities. Racism understood as discriminatory decisions based on racial stereotypes that system-

atically exclude specific groups in society, has been found at different context including individ-

ual, institutional, and structural level (Nazroo et al., 2020; Gee et al., 2009; Jones, 2000; Krieger,

1999). Negative life experiences related to racism, prejudice, and discrimination are considered

to play an important role as determinant of health in the psychosocial stress model; a growing

number of studies have documented that racial discrimination is positively associated with psy-

chological distress (Myers and Hwang, 2004; National-Research-Council, 2004d; Williams et al.,

2003). Life experiences thus play a important role in health inequalities in the psychosocial model,

to the extent that negative attitudes towards minorities have an effect on the chances for areas of

residence, housing, employment, as well as generate unfair treatment, limited access to health care,

and increase exposure to hostile psychosocial environments (National-Research-Council, 2004b;

Williams and Collins, 2001; Brown et al., 1999).

Interpersonal racism and discrimination refer to individuals’ racist beliefs and behaviors that stem

from conscious and unconscious biases, resulting in harm to members of racialised groups (Ko-

rnienko et al., 2022; Hall et al., 2015; Krieger, 1999). It has been identified principally in context

of low racial density and racial homogeneity where non-White Individual report a high level of

discrimination in face-to-face interactions (Bécares et al., 2009). The majority of White popula-

tion in the US, for example, have beliefs about black inferiority: in particular, they believe that

most Blacks are lazy, prone to violence, unintelligent, and that they prefer to live on welfare sup-

port (Williams, 1999). In general, Whites are reluctant to endorse positive stereotypes to African

descendants, and on the contrary, prejudices against minorities are legitimised. This leads to the

phenomenon of residential segregation in areas with poor-quality housing: humidity, inadequate

heat, problems with noise, and sometimes with an elevated exposure to noxious pollutants and

allergens, and pharmacies with inadequate medication stocks to treat people with health problems.

Additionally, the lack of recreational facilities in minority neighbourhoods, as well as concerns

about personal safety, discourage residents from physical activities during leisure time (Williams

and Collins, 2001; Williams, 1999).

Institutional racism and discrimination, on the other hand, refer to procedures and policies from

formal and informal institutions that consistently penalise and disadvantage people from non-

White groups (Paradies, 2021; Better, 2008). This phenomenon has been observed in various do-
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mains, including the labor market against ethnic minority applicants (Zschirnt and Ruedin, 2016;

Nazroo and Williams, 2006; Williams, 1999), and in the justice system (Cunneen, 2006; O’Grady

et al., 2005), among others. Black applicants have 50% less chances to be hired than a white per-

son with similar qualification, and even when a picture is not available, employers show a clear

preference for white names (Pager and Shepherd, 2008; Bertrand and Mullainathan, 2004); as a

result, institutional discrimination restricts the access of ethnic minorities to resources that would

support the attainment of better health status (Dressler et al., 2005). Additionally, the experience

itself of being discriminated is positively correlated with blood pressure, stress, cigarette smok-

ing, and alcohol use (Johnston and Lordan, 2016; National-Research-Council, 2004b). Structural

or systemic racism refers to racism that permeates across institutions and is rooted in a historical

perspective of centuries of slavery, segregation, narratives, and ongoing white oppression. These

systemic practices limit and restrict the access to good and services of non-White people, including

access to adequate health care (Feagin and Bennefield, 2014; Reskin, 2012; Bonilla-Silva, 1997).

Systemic racism considers racial discrimination not only as an isolated event in society but as a

macro structure in which discrimination in the education system, labor market, justice, segrega-

tion, and all forms of discrimination are intertwined with cultural patterns, making it difficult to

identify racism using conventional causal models. Figure 2.1 presents the dynamics of a social

system of racism.

The psychosocial stress model suggests, in general, a correlation between subjective experience of

discrimination and negative health outcomes. The pathways through which experiences of racism

are translated into health disparities have been analysed from an ecosocial approach, which con-

siders that the origins of diseases cannot be separated from the social conditions and interactions

in which people are born and live. Social experiences become biologically incorporated, lead-

ing to a kind of embodiment of the social milieu that determines population patterns of health,

disease, and well-being (Krieger, 1999; Krieger and Zierler, 1997; Krieger, 1994). Additionally,

alternative approaches to explaining the inter generational effects of racism and historical traumas

are based on collective memories (Evans-Campbell, 2008; Brave-Heart and DeBruyn, 1991), and

the epigenetic perspectives that suggests the transmission of a “gene for trauma” as a result of

highly stress experiences, which could lead to modifications at the molecular level, causing an

intergenerational trauma (Yehuda and Bierer, 2009). Stress is therefore one of the main factors

through which racism is transformed into health inequalities, as minorities experience more stress

than other groups. However, such experiences may be less harmful, as they may have also de-

veloped better coping strategies through family support, community, and religious involvement,

which mitigate the negative effects (Blaxter, 2005). Likewise, the presence of possible socioeco-

nomic confounding variables needs to be considered, as they may intensify or minimize the effect

of racism.
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2.6.5 Constructivist-Structuralism Model

Constructivist-structuralism theory is an attempt by Bourdieu (1984) to explain the social dynamic

and the construction of the social reality. "By structuralism or structuralist, I mean that there

exist, within the social world itself and not only within symbolic systems (language, myths, etc.),

objective structures independent of the consciousness and will of agents, which are capable of

guiding and constraining their practices or their representations. By constructivism, I mean that

there is a twofold social genesis, on the one hand of the schemes of perception, thought, and

action which are constitutive of what I call habitus, and on the other hand of social structures, and

particularly of what I call fields and of groups, notably those we ordinarily call social classes"

(Bourdieu, 1989, p14). According to Bourdieu, the construction of social reality involves two

primary components: first, a social structural constraint, or objective reality; and second, the

cognitive processes through which individuals internalise the meaning and representation of social

structures, or subjective reality. In other words, the constructivist-structuralist model posits that, on

one hand, social groups are "located" within a particular social space that encompasses hierarchies

and power relations. On the other hand, each social space possesses cultural knowledge that shapes

the identity of its members and influences how individuals understand and represent their social

reality

Racial ethnic disparities in health can be analysed from a constructivist-structural perspective,

as culture (objective reality) plays an important role in terms of the lifespan. Health differences

therefore can arise because ethnic groups adopt different social practices in the form of habitus.

That means, some cultural patterns and living arrangements of ethnic groups that could affect

health conditions are socially determined and culturally transmitted. The concept of habitus is

one of the Bourdieu’s central elements in the constructivist-structuralism model, and should be

understood as the internalisation of ways of behaving and thinking that people acquire within the

family. Unlike “health behaviours” that appear as a voluntary choice devoid of cultural mean-

ing, the habitus are social practices that are unconsciously and involuntarily adopted as cultural

“inheritance” that has been transmitted from one generation to another; therefore, habitus is less

sensitive to changes in socieconomic status than “health behaviours”. In the case of eating habits

of Indigenous or Black people for example, they are not going to change considerably even under

an scenario of higher income and wider range of food options, as cultural patterns are embedded

in the culture and are less sensitive to economic changes. This behaviour socially structured plays

thus a important role in health differences among ethnic groups, and constitutes the cornerstone

of the constructivist-structuralism model in the analysis of the ethnic mortality differences. For

instance, ethnic groups in central Asia shows different health outcomes based on their cultural

practices. Russian ethnic groups, in spite of having a higher socieconomic status than indigenous

groups such as the Kazakhs, the Kyrgyz, the Tajiks, the Turkmens, and the Uzbeks, present higher

mortality due to alcohol consumption. Indigenous groups are prohibited from drinking alcoholic

beverages because of religious reasons, while Russians reported a relatively high intake of alcohol

in social interaction (Guillot et al., 2011). The constructivist-structuralism model analyses how
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cultural practices affect health outcomes, how they account for ethnic health inequalities, and why

they should be consider in the design of health policies.

Figure 2.7: Analytical Approaches to Understanding Ethnic Health Inequalities
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Figure 2.7 summarises the main characteristics of the different approaches to analyse ethnic health
inequalities. In practice, it is probably impossible to separate the effects from one model to an-
other; however, in the Colombian context given the visible socioeconomic contrast among ethnic
groups, it is believed that the Socioeconomic Status model could explain a large part of the health
inequalities among White-Mestizos, Afro-descendants, and Indigenous populations in the country.
Source: Own elaboration

The different models we have explored offer various ways to understand racial and ethnic dispar-

ities in Colombian society. Each approach has its strengths and limitations. Health determinants

are complex, involving biology, behavior, social dynamics, and cultural factors, all of which shed

light on the roots of these inequalities and how to address them. Based on our research questions

and available data, we will focus on a socioeconomic approach. This means we will consider the

demographic and socioeconomic conditions of Indigenous, Afro-descendant, and White-Mestizo

populations to better understand mortality risks and underlying causes. However, it is crucial to

highlight that the social disadvantages faced by ethnic minorities are not random occurrences; they

stem from systematic marginalisation rooted in historical colonial structures.
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CHAPTER 3

Ethnic Information in Census and Mortality Registers

The data for the study on ethnic mortality in Colombia are drawn from two different sources: the

Census of 2018 and the mortality vital registration records from 2008 to 2018. Censuses have

been collecting information on Colombia’s Indigenous and Afro-descendant populations since the

Spanish colonial period, with the first census held in 1770 (Uribe, 1998). However, the purpose

of this census was to count the number of Indigenous that paid taxes and the number of slaves

for commercial reasons (Departamento-Administrativo-Nacional-De-Estadística, 2007). After the

foundation of the Colombian republic, the new constitution in 1991 proclaimed Colombia as a

multi-ethnic and multilingual country, based on self-reported identity.

3.1 Census Data

Ethnicity as self-reported information has been collected in the last three censuses, in 1993, 2005,

and 2018 respectively. However, in 1993 census the question was incorrectly formulated, and

the information collected could not be used to capture the true ethnic identity of the Colombian

society (Rodríguez, 2010; Uribe, 1998). The censuses of 2005 and 2018 formulated the question

for ethnic classification in terms of cultural practices, descendant, or physical characteristics that

identify a person with a particular ethnic group; see Figure B.

The 2018 Census registered 242, 744 people who died in the year 2017. Figure B shows the cen-

sus question used to collect mortality information. This information represents the most complete

information on ethnic mortality in Colombia in terms of coverage and registration information, al-
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though it is available only for the census year. Nevertheless, the Census 2018 data was not exempt

from challenges, as it had problems in its coverage: according to post-census correction methods,

4, 094, 077 persons were not counted, of which 1, 688, 936 were Afro-descendant people. The to-

tal population that identified themselves as Afro-descendant in the Census 2018 were 2, 982, 224

persons, which represents a decrease of 30% compared to the previous Census 2005, in which

4, 311, 757 persons reported themselves as Afro-descendants.

It is important to note that mortality data from the 2018 Census –refer to Appendix B for a de-

scription of the census variables- is likely to be biased for the Afro-descendant ethnicity due to

significant omissions, particularly affecting individuals living in impoverished areas who are at a

higher risk of not being recorded. This potential undercount could lead to misinterpretations re-

garding the extent of health disparities between Afro-descendants and other ethnic groups. Never-

theless, despite the underestimation in the 2018 Colombian Census, the inequality between groups

remains evident. Subsequent chapters will demonstrate that the extent of bias in census data is less

pronounced compared to other sources on mortality

3.2 Death Registration Data

National Death record data, published by DANE, collect the information regarding all registered

deaths in Colombia each year. From 1980 to 2018, a total of 6, 974, 345 deaths were registered:

about 183, 000 deaths by year on average (Figure 3.1). The method of collection for mortality

information has changed over time: deaths certificates from 1980 included 15 variables, whereas

certificates for the year 2018 included 70 variables. A description of the variables included in the

mortality registers is shown in Appendix A. Information about causes of death is based on Inter-

national Classification of Diseases, Ninth Revision (ICD-9) until the year 1997; for the following

years, death registers were recorded under ICD-10 form. Changes of ICD classification and reg-

istration forms could bring difficulties in the analysis of time series data, as the information was

codified differently over time (Pechholdová, 2009). In general, death certificates were modify 5

times from 1980 to 2015: in the years 1992, 1997, 1998, 2001, and the last modification was in

the year 2008.

The Tenth Revision (ICD-10) differs from the Ninth Revision (ICD-9) in several ways, although

the overall content is similar: First, ICD-10 is printed in a three-volume set compared with ICD-

9s two-volume set. Second, ICD-10 has alphanumeric categories rather than numeric categories.

Third, some chapters have been rearranged, some titles have changed, and conditions have been

regrouped. Fourth, ICD-10 has almost twice as many categories as ICD-9. Fifth, some fairly

minor changes have been made in the coding rules for mortality (WHO, 2021; CDC, 2020).
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Figure 3.1: Total Deaths in Colombia by Year from 1980 to 2018, All Causes

Figure 3.1 shows the total number of registered deaths in Colombia from 1980 to 2019. In 1980

the total number of deaths were around 120,000 and in 2019 it was around 220,000 deaths.

Source: Own elaboration based on mortality registers

3.3 Descriptive Statistics of Demographic Variables

The dataset in its latest version contains seventy variables, many of which will be employed in the

later chapters of this thesis. The descriptive characteristics of reported deaths between 1980 and

2018 are briefly discussed. The proportion of male deaths, for example, have been historically

higher than those of females; see Figure 3.2.
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Figure 3.2: Deceased Population by Ethnicity and Gender in Colombia from 2008 to 2019

Figure 3.2 shows mortality trends by gender and ethnic group. The ethnic variable was introduced

in the mortality records in the year 2008, and for that first year the number of registered people

was relatively lower than for the rest of the years. In all ethnic groups, male mortality has been

historically higher than female mortality.

Source: Own elaboration based on mortality registers

The ethnic groups present relatively different age mortality patterns that are related to different

degrees to the general population structure presented in Figure 1.2, Chapter 1. A description of

the age distribution of total deaths by ethnicity from 2008 until 2019 is shown in Figure 3.3.
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Figure 3.3: Mortality Distribution by Age and Ethnicity in Colombia from 2008 to 2019

Figure 3.3 shows age mortality patterns by ethnic group. Indigenous population shows a high

proportion of deaths in children, while Afro-descendants has a particular high mortality level

between ages 25 and 29. White-Mestizos on the other hand, concentrates the largest proportion of

deaths at older ages.

Source: Own elaboration based on mortality registers.

Educational attainment of deceased people is available from 1998 onwards, see variable 23 in Ap-

pendix A. Figure 3.4 shows the educational level of the deceased population by ethnic group. The

level “Low” makes reference to people with primary school or less, “Middle” to secondary school,

and “High” to people with more than secondary school. In year 2008 the variable educational at-

tainment changed from 9 to 14 categories that included technical and semi-professional education

as well as specialization, master, and higher level of education. The modification of the categories

in the variable education in year 2008, is likely the cause of the unusual patterns of that variable;

see Figure 3.4.
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Figure 3.4: Educational Attainment and Ethnicity of the Colombian Deceased Population Between
2008 and 2019

Figure 3.4 shows the educational attainment of deceased by ethnic group between 2008 and 2019.

For the first year information about education shows an atypical pattern probably because it was

the first time this information was classified by ethnicity. The level of missing information is

significantly high, in particular for the Indigenous group.

Source: Own elaboration based on mortality registers.
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Information about marital status in the mortality registers has changed over time. The variable

was modified in 1997, and it moved from 5 to 9 categories. The current version of this variable

includes different forms of cohabitation and the category “divorced” as an independent category.

Figure 3.5 presents the marital status of deceased people by ethnicity.
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Figure 3.5: Marital Status of the Deceased Population in Colombia by Ethnicity from 2008 to
2019

Figure 3.5 presents information regarding marital status in deceased people. Information includes

all age groups. The proportion of the different categories have remained relatively constant over

time, except for the category “single” in Indigenous which showed a slight increase.

Source: Own elaboration based on mortality registers.
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The question about ethnicity was introduced in the mortality records in 2008. Figure 3.6 shows

the proportion of people from different ethnic groups that were registered between 2008 and 2018.

Ethnic classification in Colombia is self-reported, but in the case of deceased people, family mem-

bers can report the ethnicity of deceased members, and children are classified with the ethnicity

of their mother. According to 2018 Census, 4.4% of the total population identified themselves as

Indigenous, while 9.3% reported an Afro-descendant identity.

Figure 3.6: Ethnic Identification of Deceased People in Colombia from 2008 to 2018

Figure 3.6 presents the proportion of registered deaths by year that belong to each ethnic group.

The largest group is the White-Mestizo, follows by Afro-descendants and Indigenous respectively.

Source: Own elaboration based on mortality registers.

The limitations of census data and mortality records in capturing information about Indigenous and

Afro-descendant populations may be a consequence of power dynamics among ethnic groups in

the country. It is crucial to understand that the construction of statistics cannot be separated from

the construction of national identity and power structures. The under-registration or "statistical

genocide" of ethnic groups may have been a state policy in countries with a colonial past, aimed

at socially and politically “minoritise” entire communities. Liberal states in the Latin American

region, under the guise of multiculturalism, acknowledge the coexistence of social and cultural

diversity only under the condition that it does not challenge historical power dynamics or the dom-

inance of certain cultural and social groups (Azpiroz, 2022). Multiculturalism, therefore, appears

to be incompatible with political power and territorial autonomy, transforming social statistics into
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a contested arena.

Despite these considerations, the foregoing data review aims to present general differences among

ethnic groups and identify the main demographic characteristics that are still visible. Addition-

ally, this review identified possible data classification problems and the level of incompleteness for

some variables. For example, the high number of NAs in variables such as "Educational Attain-

ment," which has remained almost constant since the ethnic variable was introduced in mortality

records, highlights the complexity and challenges of collecting this politically sensitive informa-

tion in combination with other socioeconomic information. In contrast, NAs regarding ethnic

classification have decreased to almost zero. The reduction in this category could be interpreted

as an improvement in data quality. However, this could be an effect of the "banalisation" of ethnic

identities and a lack of interest by central the government. If ethnic identities are to be self-reported

in Colombian society, it is at least suspicious that ethnic information from deceased people may

have lower missing values than ethnic information from the census. It may be that in some cases,

missing ethnic information from deceased individuals may have been completed by public offi-

cials or health personnel. This underscores the need for the evaluation and improvement of ethnic

data, which will be considered in more detail in subsequent chapters.



CHAPTER 4

Measuring Ethnic Mortality in Colombia: The Under-registration
Gap

4.1 Introduction

Research studies have well acknowledged that ethnic minority groups often face social and health

disadvantages across the life course compared to the general White populations (Nazroo et al.,

2006; Hummer et al., 2004; Crimmins et al., 2004b; Williams and Collins, 2001). These racial

inequalities and discrimination persist even after death, as evidenced by the under-registration

of deaths among ethnic and socially disadvantaged groups. Consequently, there is a lack of un-

derstanding of mortality patterns among specific ethnic sub-groups of the population, leading to

a dearth of coherent social policies aimed at addressing the widening health and healthcare in-

equities. This is particularly evident in Colombia, which represents a multiethnic, and multicul-

tural society within Latin America.

Studies have shown that under-registration of births and deaths are generally common in low- and

middle-income countries, and there is little understanding of the impact of under-registration on

mortality levels, especially amongst ethnic and underprivileged social groups. Barriers to birth

and death registrations have been often attributed to poor vital registration and monitoring sys-

tems, and lack of coverage (Tin Oung et al., 2017; Setel et al., 2005; Tsung-Hsueh et al., 2002);

as well as due to socioeconomic and geographic disadvantages including poverty and regional de-

privation (Sun et al., 2018; Tin Oung et al., 2017; Guo et al., 2015; Aponte-Gonzáles et al., 2012;

Duryea et al., 2006). In Europe and North America, mortality under-registration has been found
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mainly in maternal mortality due to the high level of misclassification (Deneux-Tharaux et al.,

2005; Schuitemaker et al., 1997; Bouvier-Colle et al., 1991), but with no significant impact at the

population level.

The lack of studies on ethnic minority groups can be attributed to data scarcity as well the poor

quality of available data. The present study contributes to this knowledge gap by analysing the

levels of under-registration of mortality in Indigenous, Afro-descendant, and White-Mestizo pop-

ulations in Colombia. We contrast the number of deaths among different ethnic groups obtained

from the civil vital registration records (henceforth mortality or death records) with the number of

deaths that were recorded in the 2018 national Census (Censo de Colombia de 2018). A similar

study was not possible before because although the previous census held in 2005 included eth-

nic information, death records by ethnicity was included only in 2008. Therefore, this study is

the first analysis to systematically investigate the level of under-estimation of ethnic mortality in

Colombia with a focus on the extent of unrecorded deaths in official mortality statistics, and how

this varies among Indigenous and Afro-descendants minorities in comparison to the non-ethnic

White-Mestizo group. Further, we estimate the probability of a deceased person of ethnic ori-

gin being omitted from vital statistics and how sociodemographic characteristics make one more

prone to being excluded from registration.

4.2 Literature review

Accurate mortality registration is one of the major challenges for government official statistics

in terms of the limitations underpinning data capture of the total number of deaths that occurred

in a specific time and geography. Half of the countries worldwide present incomplete mortality

data, and little progress has been made so far. For instance, between 2000 and 2012, the per-

centage of deaths registered globally increased marginally from 36% to 38% (Mikkelsen et al.,

2015). Additionally, problems related to age heaping and digit preference (Barrett, 2019; Manish,

2017), misreporting (Agrawal and Kandhuja, 2015; Preston et al., 1996), and under-registration

pose considerable drawbacks to understanding the real demographic patterns of sub-populations,

particularly of ethnic minority groups.

The level of mortality under-registration is higher in populations under five years old (Campos de

Lima and Lanza, 2014; Prasartkul and Vapattanawong, 2006; Yang et al., 2005; Blakely et al.,

2000; Lumbiganon et al., 1990), and in rural and sparsely populated areas (Sun et al., 2018; Ur-

dinola et al., 2017; Tin Oung et al., 2017; Guo et al., 2015; Aponte-Gonzáles et al., 2012; Duryea

et al., 2006) where often the presence of governmental institutions or local authorities is rela-

tively limited. As a result, facility-based registration systems are frequently biased towards those

who rely on the national database systems, and fail to capture information of deaths which occur

at home and in remote rural areas. This phenomenon is particularly common in less economi-

cally developed countries (Tin Oung et al., 2017; Setel et al., 2005; Tsung-Hsueh et al., 2002),

where rural areas often have unreliable sources of data due to limited data collection resources



4.2. Literature review 55

or infrastructure. Nevertheless, under-registration and misclassification are not exclusive prob-

lems of poor countries. Maternal and pregnancy-related mortality are often underestimated in

the United States, the Netherlands, France, and other European countries (Deneux-Tharaux et al.,

2005; Schuitemaker et al., 1997; Bouvier-Colle et al., 1991). The percentage of under-registered

maternal mortality varies from 22% in France to 93% in Massachusetts-United States of a sample

of 68 and 15 pregnancy-related deaths respectively (Deneux-Tharaux et al., 2005). The reasons for

the underestimation are attributed to inaccurate medical diagnosis, errors in data entry by coding

clerks, confusions arising from specifications of morbidities with the International Classification

of Diseases (ICD) as well as complex pathologies that lead to misclassification or omissions, such

as pregnancy related deaths (Bouvier-Colle et al., 1991). In resource-poor settings, the reasons

for under-registration of deaths are attributed to economic, legal, administrative, geographic, and

cultural barriers (Duryea et al., 2006), sometimes classified into structural and social barriers (Rao

et al., 2009). For example, lack of trained and qualified civil servants, insufficient personnel, poor

verification mechanisms before funerals, unclear rules and administrative guidelines, costly reg-

istration process, and a centralised administration system can all result in inaccurate recording of

deaths (Sun et al., 2018; Campos de Lima and Lanza, 2014; Cendales and Pardo, 2011; Rao et al.,

2009; Ruiz, 1988; Schuitemaker et al., 1997).

On the other hand, the socioeconomic conditions of communities play a pivotal role in determin-

ing the effectiveness of registration systems. Factors such as poor educational attainment, limited

understanding of administrative procedures, bureaucratic complexities, poverty, low income lev-

els, geographical remoteness, transportation constraints, absence of personal identification in rural

areas, cultural biases regarding specific causes of death, and inadequate incentives for reporting

deaths can all exert influence on data recording (Tin Oung et al., 2017; Aponte-Gonzáles et al.,

2012; Rao et al., 2009; Duryea et al., 2006). For instance, in Thailand, one significant reason for

mortality under-registration is the perception in underserved communities that death registration

is only necessary for matters such as financial reimbursement, inheritance claims, or life insurance

applications. Consequently, death registration is often deemed unnecessary, especially in cases

involving children, if it does not serve a legal purpose (Prohmmo and Guest, 1996; National-

Statistics-Office-Thailand, 1969) cited in Prasartkul and Vapattanawong (2006).

Under-registration in Colombia is heterogeneous across provinces and regions; in the Atlantic

Coast, only about 40% of total deaths are registered and of which only 5% have complete infor-

mation, whereas, in comparison, the central part of the country has 93% and 38% of coverage

and complete information respectively (Ruiz, 1988). There are no systematic analyses of mortal-

ity under-registration among ethnic populations in Colombia. National statistics show the highest

coverage of mortality registration in cities with a higher proportion of White-Mestizo people.

For example in the capital city of Bogotá, death registration is as high as 95.4%, however in

a department (upper administrative unit combining municipalities) with a high concentration of

Afro-descendant population, Chocó, the coverage is only 64.5% (Departamento-Administrativo-

Nacional-De-Estadística, 2006). Additionally, under-registration of deaths by causes or diseases
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such as cancer present a similar pattern, and the low registration in the departments of Chocó, and

Vichada with a higher representation of Indigenous populations (Aponte-Gonzáles et al., 2012). In

general, registration of mortality by cancer is higher in areas with predominance of White-Mestizo

population, and in the main cities1 of the country (Hernández et al., 2020).

Studies from other countries have shown that mortality in ethnic minority groups is more likely to

be under-estimated and under-registered (Guo et al., 2015; Blakely et al., 2008; Tamargo, 2007;

Blakely et al., 2000). Socioeconomic and cultural factors can make the reporting and registration

process more difficult. Likewise, the region of residence has been also an important determinant

of under-registration (Ribotta et al. 2019, p.16; Campos de Lima and Lanza 2014; Ruiz 1988).

Lack of knowledge of the registration process, the difficulties with the official language and the

dismissive treatment by civil servants that discourage underprivileged people to participate in the

process can increase under-registration of deaths (Tamargo, 2007). On the other hand, incomplete

information in the mortality records due to missing age, lack of medical certification, and ill-

defined causes of death are also common (Cristancho 2017, ch.2; Cendales and Pardo 2011).

In summary, low coverage and lack of completeness in mortality data can be explained from two

different perspectives. The first is to assume that governmental institutions fail to adequately cap-

ture or register the total number of deaths. The second is the causes of data incompleteness from

the perspective that populations do not report the total number of deaths when they happen. These

two different phenomena lead to the same problem of under-registration and under-reporting in-

discriminately. However, by labelling situations in which the information is not captured by the

national registration systems as under-reporting, the responsibility is assigned to the reporters,

even in a scenario that registration was not possible due to coverage limitations or because the reg-

istry lacked proper stationery (Duryea et al., 2006, p.11). In the second case of under-registration,

the responsibility lies principally on the registration system and its ineffectiveness in collecting the

information of the whole population. In this paper, the term under-registration will be preferred

to under-reporting.

4.3 Method

Data for the analysis of mortality under-registration analysis was provided by the National Statis-

tics Office (DANE). We used two data sources: the Colombian National Population Census 2018

and the Mortality Records 2017, see Figure 4.1. Since we could not match the individual datasets,

we did not consider the capture-recapture method.

These two datasets relating to Colombian mortality were collected using different methodologies.

Mortality records were based on the number of deaths registered by national governmental insti-

tutions, while the population census recorded the number of deaths by asking respondents in their
1It has to be noted that the capital city is independent of the department and is presided by a Mayor as the official

head whereas the head of the department is a Governor.
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place of residence if any household member had died in the year prior to the census. The Colom-

bian census is conducted approximately every ten years, with the most recent censuses taking

place in 2005 and 2018

Ethnic classification in the Colombian national statistics is carried out on the basis of self-reported

definitions, which means that a person, regardless of their skin colour, can report the ethnic belong-

ing or cultural identity that they consider appropriate within the six officially recognised ethnic cat-

egories: Indigenous, Roma, Black-Caribbean, Black-Maroon, Black-Mulatto, and White-Mestizo.

Ethnicity should be understood as a collective identification that goes beyond skin colour and it

is related more to the existence of kinship, ancestors, and common social practices (Wade, 2008,

1993a). Ethnicity is, therefore, related to a feeling of belonging to a social group with whom

the person in question shares similar characteristics in terms of language, beliefs, customs, and

in general, the same cultural background and phenotype, although the latter is not a sine-qua-non

condition.

Table 4.1: Number of Deaths by Ethnic Group and Type of Register.

Colombian Ethnic Mortality 2017
Data source Indig. Roma Black

Caribb.
Black
Maroon

Black
Mulatto

White
Mestizo

Un-
known

Total
deaths

Death Records 3281 82 186 59 9370 213716 990 227624
Census 14548 50 145 65 19972 204883 3081 242744
Source: Own elaboration based on mortality registers and 2018 Census.

Table 4.1 displays the number of deaths by ethnic groups in both the 2018 Census and Mor-
tality records. The groups Black Caribbeans, Black Maroon, and Black Mulatto have been ag-
gregated under the category of Afro-descendants presented in Section 4.4.1. Although there are
socio cultural differences within the Afro-descendant groups, a disaggregated analysis consider-
ing Black-Caribbean, Black-Maroon, and Black-Mulatto independently was not possible due to
the significant variation in sample size among the groups, particularly when compared to White-
Mestizos.The use of the category "Afro-descendant" thus captures the general aspects of racial
discrimination towards the Afro-Colombian population. Although variations in discriminatory
practices towards different Afro-descendant groups may exist, this general category encompasses
the broader concept of the construction of "blackness" in the country, encapsulating all forms
of discrimination against this ethnic group as a whole. It is also worth noting that although the
Roma population may experience ethnic discrimination, this group was excluded from the study
for similar reasons. First, it constitutes a relatively small population with a high mortality vari-
ance, requiring a more appropriate methodology than the one employed in this document. Second,
the Roma population lacks a direct historical link to the colonial past of the country, leading to
distinct social dynamics compared to Indigenous and Afro-descendant populations. The analysis
of the Roma population is thus beyond the scope of the document.

Ethnic information for mortality records is reported by relatives of the deceased person and in the

case of children, ethnicity is reported by the mother. The census, on the other hand, collects data

on self-reported ethnicity of all living members of the households, but it does not ask about the

ethnicity of the reported deaths (deceased). Thus, for this study it was assumed that the ethnicity
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of deceased members in households is the same as the ethnicity of the head household. In other

words, the ethnicity of the head of household was taken as a proxy variable for the ethnicity of the

deceased members. This assumption represents a low error level when considering that in depart-

ments with high multiethnic composition, such as Valle del Cauca, only 6% of households reported

more than one ethnicity within the family group in the 2018 Census. This implies that only 4% of

the population could be misclassified if the ethnicity of the deceased person and the ethnicity of

the head of the household differ. These percentages are even lower in more conservative and less

mixed regions, such as Antioquia, where only 2.5% of households reported having multiple ethnic

identities, indicating that just 1.2% of the population could be ethnically misclassified. Generally,

the majority of Colombian households are ethnically homogenous, suggesting that the ethnicity of

one family member is a reliable predictor of the ethnicity of the rest of the family members.

Under-registered deaths by ethnic groups were estimated in two parts: first, we compared the

number of deaths in the census with those in the mortality records to analyse the level of com-

pleteness of mortality registration data. We then produced descriptive statistics, survival curves,

and mortality distribution maps. The second part of the analysis used multiple logistic regression

models to estimate the relationship between under-registration of mortality and ethnicity. The lo-

gistic regression was estimated with a binary outcome: whether a person reported as having died

in the preceding year was officially registered or not. We considered a selection of important but

available explanatory variables including: ethnicity, gender and age of the deceased as well as the

education, gender, and place of residence of the head of household. The head of household is often

the person who report deaths in the household, and hence their characteristics are relevant for the

regression models.

The existence of the Census microdata including a question on death registration means that we

choose not to use established methods for the investigation of death registration completeness,

such as the Brass Growth Balance Method (Dorrington, 2013a) or its extension, the Generalised

Growth Balance Method (Dorrington, 2013b). This is because we are able to obtain more granular

data with fewer assumptions by directly analysing self-reported under-registration 2.

Information about the place of residence included in the regression analysis indicates whether the

deceased person resided in a capital municipality (cabecera municipal) or not, which can, in turn,

affect the registration of deaths in the mortality records. These capital municipalities coordinate

all administrative functions of the departments, thus representing better chances for accurate death

registration. In Colombia, the National Administrative Department of Statistics (DANE) classifies

the country into 33 political divisions known as departments, which are further subdivided into a

total of 1,122 municipalities (municipios).
2In this context, we use the term ’self-reported’ to refer to reporting on the part of the deceased’s household
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4.4 Results

4.4.1 Descriptive Statistics

Indigenous, Afro-descendants, and White-Mestizo groups are each spatially distributed across the

country; but there are some geographic areas which show a clear racial segregation and have his-

torically led to a geographically racialised country. This intersectionality of race and geography

is presented in Figure 4.1, which highlights localities where more than 50% of the population

belongs to a particular ethnic group. The Afro-descendants are mainly clustered along the Pa-

cific and Atlantic coast, White-Mestizos populate the area around the centre of the country, and

Indigenous groups dominate the south, close to the Colombian Amazon.
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Figure 4.1: Colombian Population Distribution by Ethnic Groups

Figure 4.1 shows the Colombian geographical regions where a particular ethnic group is majority

with more than 50% of the local population. Darker colours represent a higher concentration of

population.

Source: Own elaboration based on 2018 Census.

The maps shown in Figure 4.2 illustrates how mortality registration interacts with race and geog-

raphy in the Colombian context. The maps on the left present mortality rates estimated using the

death records information, while those on the right present mortality rates based on census data.

The results show that mortality levels measured by death records (maps A and B) are significantly

lower than the mortality levels estimated by the census (maps C and D). Given it is unlikely that the

Census is overestimating deaths, this is indicative of considerable under-registration of deaths in

the Colombian registration system. In addition, death records captured information predominantly
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from White-Mestizo-dominated areas, leaving deaths in ethnic regions under-estimated.

Figure 4.2: Comparison of Mortality Rates from Death Records and Census Deaths

Figure 4.2 show the Colombian regions with the highest mortality under-registration, and how

the registered number of deaths differs by source between death records and census information.

On the top, age-specific mortality rates by municipalities for the age-group 0-4 are displayed,

death records registration on the left, and census on the right. At the bottom, crude death rates

(CDR) are displayed , death records on the left side, and census on the right. Data from mortality

records and census from 2017.

Source: Own elaboration based on mortality registers and 2018 Census.

Death records in Colombia are biased in Indigenous and Afro-descendants regions, as the number

of deaths registered are significantly lower than the number of deaths reported in the census. Mu-

nicipalities dominated by Indigenous and Black populations that were identified as having high
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child mortality rates in the census (map C) were reported as areas with very low child mortal-

ity levels in the mortality records (map A). This bias is even clearer when the general mortality

level is compared between the maps B and D, where mortality in the ethnic regions appear clearly

under-estimated. The maps also show concentration of mortality registration in the central part

of the country where the White-Mestizo population is located. In contrast, the periphery and the

localities of ethnic population remain only partially covered by the registration system. Regions

of residence of ethnic groups are also the poorest areas of the country and with the higher number

of under-reported deaths (Figure 4.3).

The inconsistency in the number of deaths between death records and the census affects mostly

ethnic communities. The census reported 242, 744 deaths and the death records 227, 624 in 2017,

which corresponds to a difference of 6.2% at the national level. However, across ethnic groups, the

proportion of unregistered deaths is significantly higher for the Indigenous and Black population.

Table 4.2 compares the number of deaths from the mortality records versus the number of deaths

from the census reports. Two findings draw attention: first, the differences between the two data

sources are disproportionately higher in younger ages; second, for some age groups, the number

of deaths captured in the census from Indigenous and Black population are four and five times

higher respectively than the number that was registered in the death records. For instance, in the

age groups < 1 and 1−4, death records reported respectively 458 and 195 Indigenous deaths in

the category Total. However, the census data show 2, 052 and 1, 108 deaths for the same age

groups, which represents deaths four times higher at age < 1, and almost 6-fold more at ages

1−4. Additionally, we must also consider that the census estimates may also underestimate the

true number of deaths. First, the census of 2018 suffered from problems of undercount. The 2018

Census yielded biased results principally for Afro-descendant ethnicity due to the exclusion of

approximately 1.5 million individuals from this group, particularly those residing in rural and

impoverished regions. This omission could led to a minimisation of the observed differences

between Afro-descendants and other ethnic groups. However, despite the underestimation, the

inequality gap remains unmistakable. Second, the household self reporting measure relies on

recall. Third, those living alone will not be captured by the question regarding deaths in the

household. The difference between census death estimates and mortality registration data, referred

to in the below as under-registration, is likely therefore to be a lower bound on the extent of the

undercount.
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Figure 4.3: Comparison of Regions with High Mortality Under-registration and High Multidimen-
sional Poverty

The maps in Figure 4.3 illustrate the intersection of mortality under-registration and poverty in

regions predominantly inhabited by Afro-descendants and Indigenous people. The map on the

left displays the level of mortality under-registration per 10,000 inhabitants in 2017, estimated by

comparing the deaths reported in the Census to those in the vital registration records. The map

on the right shows the percentage of households experiencing multidimensional poverty (MP)

for the same period. MP is an indicator of households facing multiple deprivations in areas such

as health, education, and living standards (Alkire et al., 2018; Departamento-Administrativo-

Nacional-De-Estadística, 2017). Darker colours indicate a higher concentration of the respective

variable.

Source: Own elaboration based on mortality registers and poverty measures from the National

Statistics Office, DANE.
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The estimated proportion of unregistered deaths is calculated as the proportion of deaths from

the census that were not registered by the death records. Following the previous example with the

Indigenous population, death records reported only 458 from 2, 052 census deaths at age < 1. This

means that at least 77.7% of cases were not registered. Table 4.3 shows the proportion of under-

registration by age group and ethnicity. In total, 77.8% and 52.3% of deaths in Indigenous, and

Afro-descendants respectively are not registered. In the case of the White-Mestizo group, the total

number of deaths from death records outnumber the total deaths from the census at 4.5%. As noted

above, this may be because the Census 2018 had an omission of 4, 094, 077 persons according

to official reports (Departamento-Administrativo-Nacional-De-Estadística, 2021; Urrea-Giraldo

et al., 2020), which means that deaths from White-Mestizo people in areas and groups that were

not covered well by the census may be captured in the mortality registration data. Failure by the

census in capturing deaths to single person-households may also be a factor, particularly as this

“over-registration” of the death records, however, happens particularly at ages 55 years and older.

The under-registration, in general, decreases with age. In the White-Mestizo group, under-registration

decreases after age 30 onwards and becomes positive at age 55 (indicating ’over-registration’ in

death records relative to the census). In other ethnic groups, this pattern of decreasing under-

registration with age is not as clear. Under-registration of deaths decreases in Afro-descendants

at older ages as well, but this trend is more pronounced in White-Mestizos than in Blacks; and

in Indigenous communities, the level of under-registration remain more or less at the same level

across age groups. In general, the highest proportions of omitted deaths affect populations under

10 years, where under-registration of deaths in Indigenous and Afro-descendant populations is

over 80%, (see Table 4.3).

Paradoxically, under-registration at age < 1 is relatively lower than in other age groups. For

example, 82.4% of Indigenous, 85.4% of Afro-descendants and 63.2% of White-Mestizo deaths

at age 1−4 remained unregistered in 2017. Meanwhile the percentages of under-registration at age

< 1 were 77.6%, 64.9%, and 37.1% respectively. Under-registration of deaths among children

who died before reaching the first birthday is lower than for those who died after age 1. Figure 4.4

presents these patterns more clearly.

The under-registration of deaths in ethnic populations present a major hurdle for getting reliable

life expectancy estimations for these communities. Figure 4.5 shows survival estimations with the

death records as well as with the census mortality information. Life expectancy based on mortality

records is significantly longer than those from census data, as the survival curve from the census

includes a higher number of deaths which means people are dying in higher proportions in all ages.

Consider for example the impact that deaths at age < 1 have on the survivorship of Indigenous

people, something which is not captured by the survival curve from death records. On the other

hand, the differences in the White-Mestizo groups are minimal and the curves present a cross over,

which is the result of a mortality over-registration in the older age groups, as shown in Tables 4.2

and 4.3. In the Afro-descendants, the under-registration gap increases considerably after age 15,
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Table 4.3: Percentage of Registration Bias by Age Group and Ethnicity, Colombia 2017. Esti-
mated through Comparison of Census and Registration Data.

Registration bias

Indigenous (%) Afro-descendants (%) White-Mestizo (%)

Age-group M F Total M F Total M F Total

<1 -78.6 -76.4 -77.6 -63.3 -67.0 -64.9 -36.8 -37.4 -37.1
1-4 -82.8 -81.9 -82.4 -86.6 -83.8 -85.4 -62.0 -64.7 -63.2
5-9 -84.7 -90.4 -87.2 -82.0 -79.5 -81.0 -33.9 -34.4 -34.1

10-14 -83.9 -75.9 -80.5 -77.9 -77.9 -77.9 -22.6 -23.8 -23.1
15-19 -84.3 -79.8 -82.4 -74.4 -86.0 -79.6 +14.7 -57.2 -15.2
20-24 -76.1 -87.5 -81.4 -74.6 -87.7 -80.1 +21.2 -63.4 -15.1
25-29 -76.2 -81.4 -78.5 -71.0 -82.2 -76.0 +22.9 -55.9 -10.8
30-34 -80.4 -83.1 -81.5 -64.4 -74.8 -69.1 +17.0 -48.3 -11.1
35-39 -81.0 -79.2 -80.2 -65.5 -63.8 -64.8 +11.5 -33.1 -7.9
40-44 -74.6 -79.4 -76.8 -58.0 -56.0 -57.1 +5.3 -19.8 -5.6
45-49 -83.7 -79.6 -81.9 -51.1 -49.4 -50.3 +4.6 -10.0 -1.8
50-54 -84.6 -79.8 -82.8 -61.0 -42.6 -53.5 -2.2 -11.4 -6.2
55-59 -80.3 -80.0 -80.1 -39.7 -38.2 -39.0 +7.9 +3.6 +6.1
60-64 -81.7 -83.9 -82.7 -49.1 -46.2 -47.8 +5.2 -2.5 +1.8
65-69 -72.9 -77.1 -74.8 -43.0 -32.4 -38.4 +14.2 +9.7 +12.2
70-74 -74.3 -76.6 -75.4 -40.8 -44.2 -42.3 +9.6 +11.6 +10.5
75-79 -68.9 -72.3 -70.5 -35.6 -29.5 -32.9 +16.2 +28.8 +21.7
80-84 -78.1 -67.6 -73.9 -42.2 -20.7 -33.1 +1.6 +34.4 +15.9
85+ -77.1 -62.6 -70.9 -55.3 -25.6 -42.3 -11.8 +55.3 +17.0

Total -78.6 -76.6 -77.8 -55.1 -48.8 -52.3 +1.4 +8.5 +4.5

Registration bias in mortality records relative to the census is denoted by a minus sign and over-
registration with a plus sign.
Source: Own elaboration based on mortality registers and 2018 Census.

and similar to the White-Mestizo, it decreases for the older ages. In general, the under-registration

gap is wider in Indigenous and Black population than in White-Mestizos.



4.4. Results 67

Figure 4.4: Mortality Registration Ratio Between 2018 Census and Mortality Records by Age
Group and Ethnicity

Source: Own elaboration based on mortality registers and 2018 Census.

Figure 4.4 presents the ratio of mortality registration between census and mortality registration. It

compares registration by age groups and ethnic group. the level of registration between the two

data sources is equal when the difference is 0%. A number higher than zero means that the num-

ber of registered deaths in the census is higher than those registered in the mortality records, and

vice-versa. The results confirm that deaths from census exceed the number of registered deaths

at all ages and ethnic groups, except for deaths at older ages in White-Mestizos. The difference

in the under-registration ratio tends however to decrease with age. Ratio under-registration num-

bers lower than zero in the White-Mestizo groups means that the number of deaths registered in

the death records were higher than the number of death reported in the Census 2018, signifying

possible over representation of deaths in the older age groups. The patterns also reveal a common

problem of age heaping and digit preference at older ages in which the slightly increased mortality

at ages 50, 60, 70 and 80 is the result of the tendency to round the ages of older people with num-

bers ending in zero and five when the exact age of death is not available (Barrett, 2019; Manish,

2017; Agrawal and Kandhuja, 2015; Preston et al., 1996).
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Figure 4.5: Survival Curves Based on Death Records and Census Deaths Information

Source: Own elaboration based on mortality registers and 2018 Census.

Figure 4.5 presents the survivorship curve based on life tables in which mortality rates (mx) were

estimated with the number of deaths from the census and from the mortality records for each ethnic

group. The curves represent thus the survival function (lx), or the fraction of survivors to exact

age x. The population for the denominators of the estimations was derived from the 2018 Census

for each ethnic group. The curves show that death records over-estimate the lifespan particularly

in Indigenous and Afro-descendants due to unregistered deaths. The difference between the two

registration methods is an estimate of the size of the under-registration gap.

To validate the consistency of the data, we analysed the correlation between death records and

census deaths at the municipality level. Figure 4.6 shows in the first panel the scatter plot of
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the logarithm of census deaths reported as non-registered against the logarithm of death records,

where each point in the plot corresponds to one municipality. The second panel similarly displays

the log of deaths reported as registered in the census against the log of death records. One would

expect that deaths reported in the census as non-registered would be only weakly correlated with

those in the mortality records if such deaths were truly not registered. On the contrary, a strong

correlation is expected if the deaths were registered in both systems: death records as well as the

census.

The estimations confirm the assumptions: non-registered deaths and mortality records have a

weaker correlation compared to registered deaths, This suggests that census methodology captures

and measures effectively the under-registration patterns in vital statistics in Colombia. Addition-

ally, the proportion of deaths reported as non-registered in the Census 2018 decreases over ages in

all ethnic groups, matching what we find from comparing census deaths to mortality records, see

Table 4.4.

Figure 4.6: Scatterplot of Death Records and Census Registered and Unregistered Deaths

Figure 4.6 presents a local regression (LOESS) analysis. This non-parametric technique highlights

the patterns in the relationship between death records and both registered and non-registered deaths

from the census. The figure illustrates that data points from death records and registered deaths

from the census exhibit lower dispersion and reduced uncertainty when fitting the data in the

neighborhood of each point, in comparison to the relationship between death records and non-

registered deaths. This suggests that registered deaths and reported deaths from the census are

likely derived from the same sources. Conversely, the more dispersed relationship between death

records and non-registered deaths from the census indicates a divergence in data sources.

Source: Own elaboration based on mortality registers and 2018 Census.

Figure 4.6 presents two scatter plots displaying, first, the natural logarithm of deaths from the
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mortality records plotted against the natural logarithm of census deaths reported as non-registered

deaths. The right-hand plots logged deaths from mortality records against logged deaths from

census reported as registered deaths. In this latter plot, if all deaths reported as registered in the

census were indeed registered, and similarly all registered deaths were captured in the census, then

the census and registration counts of registered deaths would be equal. Therefore the points on the

plot would lie on the diagonal line x = y, as the coordinates of each point represent deaths that

correspond to the same location and time point.

In the plot itself, a Locally Estimated Scatterplot Smoothing (LOESS) curve is displayed. Al-

though there are fewer deaths reported in the death records, as can be seen from comparing the

x- and y-scales, the census and death registration counts are highly correlated. Additionally, the

fitted line is approximately linear on the log scale, indicating that if there is some over-reporting

of registration in the census, it does not seem to vary by the size of the area (that is, by number of

deaths reported).

Similarly, in the left-hand plot, the correlation between non-registered deaths reported in the cen-

sus and actual death registrations figures should be much less strong, and points should thus be

more dispersed, as is the case. In both plots, confidence intervals indicate the uncertainty in the

estimation of the LOESS trend line. The figure as a whole illustrates that deaths reported as reg-

istered in the census are closely correlated with mortality records, while non-registered deaths are

not. This to some extent validates information about mortality registration and under-registration

from the census.

4.4.2 Regression Analysis

Comparison between mortality registration records and census mortality is difficult because of

under-registration in both sources. To understand better factors that may influence under-registration,

and to understand how this differs by ethnic group, we can focus solely on census information

about whether household deaths are registered.

Information from the census regarding death registration was used for the logit binary model

in order to measure the association of ethnicity with death under-registration. It measures the

probability of not reporting deaths given that the deceased person is Indigenous, Afro-descendant,

or White-Mestizo (using the ethnicity of the household head as a proxy for that of the deceased

person as mentioned previously). The model also considers age and sex of the deceased person as

well as age, sex, place of residence, and years of education of the head of household (HH) who is

the person responsible for the death registration. Table 4.4 shows the data on percentages of non-

registered deaths (N-Re), registered deaths (Re), and deaths with no information about registration

(NA) based on the 2018 Census.

The level of mortality under-registration determined by information from reporters who admit-

ted not having registered a deceased person, as shown in Figure 4.4, is lower than the level of
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Table 4.4: Percentage of Death Registration and Under-Registration by Ethnicity According to the
Census 2018, Colombia

Indigenous (%) Afro-descendants (%) White-Mestizo (%)

Age-group N-Re Re NA N-Re Re NA N-Re Re NA

< 1 56.8 15.6 27.6 36.2 35.0 28.7 27.1 35.3 37.6
1-4 56.6 19.4 24.0 29.5 49.4 21.1 24.8 50.9 24.2
5-9 51.3 29.2 19.6 19.2 57.2 23.6 16.9 62.8 20.3

10-14 40.7 38.3 20.9 18.3 65.2 16.5 13.1 73.4 13.5
15-19 50.5 36.5 13.0 14.4 74.4 11.2 9.8 80.8 9.4
20-24 38.8 46.1 15.1 14.8 72.8 12.4 9.1 80.9 10.0
25-29 30.8 52.8 16.3 15.3 69.8 14.8 9.1 80.8 10.1
30-34 44.6 41.0 14.4 15.7 70.1 14.2 8.5 81.6 9.9
35-39 41.5 45.2 13.3 12.6 73.9 13.5 9.1 81.1 9.8
40-44 26.7 54.3 19.0 11.3 75.4 13.3 8.0 81.9 10.1
45-49 41.4 45.1 13.5 10.8 75.7 13.5 7.2 83.5 9.3
50-54 34.1 53.2 12.6 11.7 76.6 11.7 7.3 83.4 9.3
55-59 34.1 53.7 12.2 13.2 74.5 12.3 6.6 84.6 8.8
60-64 34.7 51.0 14.3 11.7 75.8 12.5 5.8 85.7 8.5
65-69 26.5 58.9 14.7 9.3 78.8 12.0 5.7 86.5 7.8
70-74 28.9 56.2 14.9 10.0 75.2 14.8 5.4 86.7 7.9
75-79 21.2 65.0 13.8 10.4 78.9 10.7 5.3 87.5 7.2
80-84 26.3 58.9 14.8 11.0 77.4 11.7 5.3 87.3 7.4
85+ 20.6 66.9 12.5 9.5 78.4 12.2 5.1 87.4 7.5

Total 37.4 45.6 17.0 13.7 72.4 13.9 7.6 82.5 10.0

The 2018 Census collected information from households about reported and non-reported deaths.
The answers were classified by: non registered (N-Re), registered (Re), and unknown-non answer
(NA). Table 4.4 shows how census deaths are distributed across these categories by ethnicity.
Source: Own elaboration based on mortality registers and 2018 Census.

mortality under-registration determined by comparing deaths captured in the census with deaths

from registers, as presented in Table 4.3. However, the under-registration patterns, specifically

the decreasing trend over age and the higher under-estimation of deaths among Indigenous and

Afro-descendant populations, are consistent across both data sources. This consistency is clearly

illustrated in Figure 4.7.

Table 4.5 presents the estimated coefficients for a series of nested models, each containing a dif-

ferent (but overlapping) set of independent variables. Model 6, the model with the most extensive

set of explanatory variables, is the best model presented in this table according to AIC and BIC

selection criteria. This model includes a term with an interaction between age and ethnicity, which

improves the model performance with respect to these criteria. Coeffients for this model are not

included in the table, but illustrative predicted probabilities of non-registration from this model by

age and ethnicity are presented in Figure 4.8.
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Figure 4.7: Mortality Under-registration in Colombia by Age Group and Ethnicity from the Census
2018

Figure 4.7 shows percentages of registered deaths from the total reported deaths in the census.
Mortality under-registration is higher at younger ages and in ethnic groups. Indigenous deaths
present the highest level of under-registration at all ages, while the difference between White-
Mestizos and Afro-descendant is relatively small, with the lowest level for White-Mestizos. The
data from Indigenous groups underwent adjustment through LOESS regression to mitigate age
heaping and substantial variance resulting from the relatively limited sample size in this group.
The regression plotted line confirms that the trend of under-registration decreases with age among
Indigenous populations as well. The confidence interval reflects the variability in the estimation
of the LOESS trend line.
Source: Own elaboration based on mortality registers.

The results confirm previous findings: the odds of being unregistered for Afro-descendants and

Indigenous groups is higher compared with White-Mestizo people. In the case of age of death,

the highest risk of non-registration occurs when the deceased is a newborn or a child under 1

year old. Thereafter, the risk starts decreasing and achieves the lowest risk for people aged 75

years and more, when the odds decreased by 93% for White-Mestizos. This age effect is however

different among ethnic groups. Figure 4.4 shows the effect tends to disappear in older ages of

White-Mestizos and Afro-descendants, while remain practically unchanged in Indigenous groups.

Similarly, the age of the household head is correlated negatively to under-registration of deaths.

This means regardless of the age of the deceased person, under-registration of deaths is higher in

younger families, and household heads under the age of 25 present the highest risk of not reporting

the death compared with any other age group. In contrast, when the head of household is 70 or

older, the odds of being under-registered decreased by 25%. In terms of gender, deceased males

have higher risk of being not registered than females: the odds of under-registration increase by

14% in males.
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Table 4.5: Model Selection for Logit Models of the Relationship Between Ethnicity and Death
Non-registration. Reported Effects Are Estimated Regression Coefficients

Predictor Mod 1 Mod 2 Mod 3 Mod 4 Mod 5 Mod 6

Intercept -2.40 (0.01) 3,4 -0.32 (0.03) -0.44 (0.03) -0.91 (0.04) -1.05 (0.04) -0.96 (0.04)
Ethnicity: White-Mestizo = Reference category
Afro-descendant 0.72 (0.02) 0.60 (0.03) 0.60 (0.03) 0.56 (0.03) 0.52 (0.03) 0.17 (0.08)
Indigenous 2.07 (0.02) 1.85 (0.02) 1.86 (0.02) 1.70 (0.02) 1.63 (0.03) 1.12 (0.08)
Age deceased: <1 year = Reference category
1-4 -0.49 (0.05) -0.49 (0.05) -0.55 (0.05) -0.54 (0.05) -0.51 (0.05)
5-14 -1.25 (0.06) -1.24 (0.06) -1.33 (0.06) -1.34 (0.06) -1.38 (0.07)
15-34 -1.84 (0.03) -1.86 (0.03) -1.93 (0.03) -1.93 (0.03) -2.07 (0.04)
35-54 -2.05 (0.03) -2.06 (0.03) -2.09 (0.03) -2.10 (0.03) -2.20 (0.04)
55-74 -2.34 (0.03) -2.35 (0.03) -2.35 (0.03) -2.35 (0.03) -2.48 (0.04)
75+ -2.52 (0.03) -2.52 (0.03) -2.50 (0.03) -2.51 (0.03) -2.60 (0.03)
Sex deceased: Female = Reference category
Male 0.13 (0.02) 0.11 (0.02) 0.11 (0.02) 0.11 (0.02)
Age HH: <25 years = Reference category
25-49 -0.10 (0.02) -0.09 (0.02) -0.09 (0.02) -0.09 (0.02)
50-69 -0.06 (0.02) -0.27 (0.02) -0.26 (0.02) -0.26 (0.02)
70+ 0.06 (0.02) -0.31 (0.03) -0.28 (0.03) -0.28 (0.03)
Sex HH: Female = Reference category
Male 0.18 (0.02) 0.14 (0.02) 0.13 (0.02) 0.13 (0.02)
Education HH: >12 years
6 to 12 0.45 (0.03) 0.40 (0.03) 0.40 (0.03)
< 6 1.04 (0.03) 0.95 (0.03) 0.96 (0.03)
Residence HH Capital City = Reference category
Non-capital city 0.31 (0.02) 0.32 (0.02)
Interactions term Ethnicity * Age 5

N 195263 195263 195263 195263 195263 195263
Deviance 123889 114718 114502 112602 112294 112147
AIC 123895 114736 114530 112634 112328 112205
BIC 123925 114827 114672 112797 112501 112500

Table 4.5 presents the model selection. Model 6 (Mod6) is the model with the
best criteria in Deviance, AIC, and BIC. The models included an interaction ef-
fect between age and ethnicity which is presented in Figure 4.8 for model 6.
Source: Own elaboration based on Colombian Census 2018 data.

The results also indicate a clear negative association between education and under-registration.

The higher the educational attainment of the household head, the lower the risk that a death re-

mains unregistered. The reference category is household head with more than 12 years of ed-

ucation at technical and university levels, with coefficients for those between 6 and 12 years at

secondary school level and those with less than 6 years at primary school. The odds of non-

registration increases by 50% and 160% if the head of household had between 6–12 years of

schooling and less than 6 years of education respectively, compared with the reference category.

The place of residence plays an important role for death registration. Households outside of capital

cities had 37% higher odds of non-registration compared with those located in the main city of the

department.
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In general, the models highlight the specific sociodemographic characteristics of the deceased

person, as well as characteristics of households, where death under-registration is more likely. The

highest predicted probability of under-registration of deaths are confined to Indigenous newborns

who died in families where the head of household is a young male under age 25, less educated,

and living outside the main city of the department.
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Figure 4.8: Predicted Probability of Mortality Non-registration by Ethnicity and Age - Interaction
Model (Mod 6)
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Predictions are made at the reference category for those categorical values not included in the in-
teraction. The interaction effect in Figure 4.8 between ethnicity and age reveals under-registration
trends consistent with the patterns presented in Figures 4.4 and 4.7, indicating higher under-
registration of deaths among younger age groups in Indigenous and Afro-descendant populations.
Figure 4.8 demonstrates that differences in under-registration by age are more pronounced in In-
digenous groups compared to other ethnic groups, while differences between White-Mestizos and
Afro-descendants are relatively minor. In summary, the percentages of the odds in the interaction
term indicate that the largest disparities are not only between ethnic groups but also among age
groups within the same ethnicity. These differences are particularly significant when comparing
under-registration of deaths at young ages across different ethnicities.
Source: Own elaboration based on Colombian Census 2018 data.



76 Chapter 4. Measuring Ethnic Mortality in Colombia: The Under-registration Gap

4.5 Discussion

The foregoing analyses clearly demonstrate geospatial patterning in under-reporting of death,

which correlates with the geographic distribution of ethnic minority populations. Furthermore,

Census microdata provides evidence of relatively higher level of under-reporting of deaths amongst

Indigenous and Afro-descendants when compared to the White-Mestizo population, even after ad-

justing for selected household and geographic factors.

In Colombia, ethnic minorities face cultural barriers, social discrimination, geographical segre-

gation and racial discrimination, and these may have contributed to under-reporting of deaths.

More explicitly, cultural realities such as the lack of an institutionalised social environment and

hence fewer requirements for death certificates; language restrictions for communities for whom

Spanish is not the first language; and geographic isolation may partly explain the reasons for

non-registration of deaths, as reported elsewhere (Tin Oung et al., 2017; Duryea et al., 2006);

Alongside this, the high level of use of traditional and folk medical practices in rural and ethnic

groups imply that many deaths occur outside health institutions and are thus unlikely to be regis-

tered or reported (Ronan, 2014; Boyd et al., 2000) Meanwhile, under-registration of deaths tend to

be more accentuated among the Indigenous, followed by Afro-descendants and the White-Mestizo

population, most likely attributed to the higher presence of the latter in urban areas and main cities.

According to the 2018 Census, only 21% of the Indigenous population reside in the main city of

the departments (cabecera municipal) whereas the corresponding figure for Afro-descendants is

66.7% (Departamento-Administrativo-Nacional-De-Estadística, 2019a,b).

On the other hand, the result showing significant difference in under-registration of deaths be-

tween Afro-descendants and Indigenous populations but only modest difference between Afro-

descendants and White-Mestizos could be as a consequence of the omission of more than a million

Afro-descendants from poor areas in the 2018 census (Departamento-Administrativo-Nacional-

De-Estadística, 2021; Urrea-Giraldo et al., 2020). Census data may thus yield biased results,

which could possibly underestimate the true level of mortality among Afro-descendants. Censal

omission could be related to likely higher representation of deaths in older age groups of White-

Mestizos. It is likely that the deaths not captured in the census may have been recorded elsewhere

in official registration sources. We find more deaths at ages 55 and above among White-Mestizos,

possibly attributed to greater motivation for registering deaths of older people due to inheritance

claims and related legal requirements.

A second explanation for the over-representation of White-Mestizo population is the phenomenon

of blanqueamiento (Whitening), that has been closely related to the construction of a national iden-

tity in many Latin American countries, particularly in Brazil and Colombia (Wade, 1993b). The

blanqueamiento process refers to not only the biological racial aspects, but also cultural homoge-

nization that envisages a future in which blackness and indigenousness are not only absorbed but

also erased from the national panorama, giving rise to a whitened mestizo nation (Wade, 1993b).
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Several studies have suggested that census interviewers tend to whiten the racial classification of

higher educated and financially solvent non-white people (Kateri, 2013). In the 1991 Brazilian

census, Afro-Brazilians organisations launched a national campaign Not let your color pass as

white inviting non-white people to pay attention to racial misclassification (Andrews, 2016, p.19).

This phenomenon of social whitening could explain the over-representation of white-Mestizo

deaths in registration data, when collecting such information from the next of kin of the deceased

was not possible as it is with the Census data. Moreover, it explains why over-registration appears

in older age groups with better education and accumulated wealth.

Regional segregation of Indigenous and Afro-descendant communities in poor locations plays an

overriding role in terms of access to economic resources and registration services. Segregation

does not imply only the physical separation of ethnic groups, but other manifestations such as

discrimination, social class, and privilege and cultural distinctiveness, and although the separation

appears to be voluntary, this is generally not the case (Cell, 1982). On the other hand, there are

other individual characteristics of the deceased person, as well as the characteristics of the head

of household, that may influence mortality registration. These findings should be interpreted not

only indicating under-registration as an individual problem, but the registration patterns should be

considered within their wider social and structural context.

Our analysis shows that under-registration is higher at young ages, as highlighted in previous

studies (Tin Oung et al., 2017; Guo et al., 2015; Prasartkul and Vapattanawong, 2006; Duryea

et al., 2006; Yang et al., 2005; Blakely et al., 2000; Lumbiganon et al., 1990). Deaths of older

people are more likely to be registered by family members to fulfil legal compliance related to

inheritance of assets such as land, property and money. In contrast, death certificates of newborns

and infants are generally less useful for any legal purposes, and hence such deaths are likely to

be under-reported or under-registered. Under-registration of deaths is more likely in households

when the head of the household is below 50. This might be due to the fact that households with

young members generally have less experience or awareness of registration processes. Further

investigation is needed to better understand this phenomenon.

We find that male deaths are more prone to under-registration than those of females. However,

this finding contradicts other studies (Guo et al., 2015; Prasartkul and Vapattanawong, 2006). In

the Colombian context, a higher under-registration of male deaths could be determined by deaths

due to internal conflicts and violence, especially in rural and areas with higher proportions of

Afro-descendant and Indigeneous citizens. In some cities, for example, male deaths caused by

homicides are 18 times higher than those of females (Franco, 1997, p.172). This implies that

many of those non-registered male deaths could be the victims of conflict and violence, and whose

deaths were sensitive enough not to be reported

Our study has some drawbacks and data limitations. First, the under-estimation of Census deaths

in the Afro-descendant population is highly likely to minimise the magnitude of the differences
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in mortality when compared to other ethnic groups. Second, we do not have information about

the causes of death of non-registered people, nor the effect of the conflict on mortality under-

registration. Further research is required to understand the reasons for non-registration of deaths.

Despite these limitations, this study provides robust evidence of the extent of under-registration

gap among ethnic groups in Colombia. The study draws strength by utilising the specific Census

question on whether the deaths reported in the household in the preceding year were registered or

not. This allowed us to shed light on the individual correlates of mortality under-registration in

Colombia. One of the key contributions of this study is the analysis of ethnic differentials in mor-

tality under-registration, which has hitherto not been analysed systematically. The present study

yields a critique of how official statistics can be influenced by social disadvantage, marginalisa-

tion and institutional discrimination against ethnic minority groups. It is important to note that

race is a constructed social category, a politicised and a preconceived notion. The collection and

analyses of census and registration data from primarily a White-Mestizo perspective could be af-

fected by perceptions, prejudices and structural discrimination that leads to a bias in favour or

detriment of one particular group. While the disparities in under-registration among ethnic groups

can be partly elucidated by the socioeconomic status model outlined in Section 2.6, it is crucial

to underscore that racism and ethnic discrimination are fundamental factors contributing to racial

inequities. The administrative structure of the state, shaped by a system of privileges rooted in

colonialism, perpetuates the marginalisation of ethnic groups and fosters disinterest in accurately

registering and providing coverage for these populations. The real social conditions of Indigenous

and Afro-descendant groups remain thus hidden due to lack of quality data and cross-validation

tools. Finally, this study draws attention to the importance of viewing ethnic statistics more criti-

cally not only in terms of who is generating the information, but also how data were collected.



CHAPTER 5

Ethnic Mortality in Colombia 2008-2019

5.1 Introduction

The role of ethnicity in morbidity and mortality outcomes has been widely acknowledged in de-

mographic and social epidemiological analysis. Racialised social groups present poorer health

and higher mortality than the standard White reference category. Health and mortality inequal-

ities across different ethnic groups have been documented in Europe (Blom et al., 2016), the

UK(Chouhan and Nazroo, 2020; Wohland et al., 2015; Nazroo et al., 2006), in the US (Womack

et al., 2020; Lariscy et al., 2020; Williams and Collins, 2001), Canada, New Zealand, Australia

(Paradies, 2016; King et al., 2009; Bramley et al., 2004; Ajwani et al., 2003; Trovato, 2001),

SouthAfrica, and Latin America (United-Nations, 2010; Giufrida et al., 2007; Montenegro and

Stephens, 2006) ; and more recently, health inequalities by ethnic groups have been found during

the Covid-19 pandemic (Nazroo and Becares, 2020; Gross et al., 2020; Platt and Warwick, 2020;

Ogedegbe et al., 2020).

The above findings suggesting higher morbidity and mortality outcomes in ethnic minorities are

consistent and universal, with few exceptions. The currently available evidence, while limited,

suggests the same may be true for Colombia. Recent studies in specific Colombian cities have

shown that Indigenous and Afro-descendants people have a higher risk of death than the White-

Mestizo population (Spijker et al., 2020; Palacios, 2018; Agudelo-Suárez et al., 2016; Urrea-

Giraldo et al., 2015; Bernal and Cárdenas, 2007). Differences were found in the mortality rates

for some specific age groups such as children and cause of death such as homicide in the city

79
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of Cali (Urrea-Giraldo et al., 2021; Spijker et al., 2020). In the light of aforementioned research

challenges and gaps, this research analyses the trends in mortality and life expectancy differences

between ethnic groups at a national level between 2008 and 2019. The analysis focuses partic-

ularly on the contribution of demographic rates by age and sex to underlying differences in life

expectancy.

5.2 Data and Methods

5.2.1 Data

Data for the analysis are drawn from different datasets: number of deaths reported in the Census

2018, number of deaths registered in mortality records from 2008 to 2019, and information regard-

ing population size from 2005 and 2018 Censuses. Data for the present analysis were provided by

the Colombian National Statistics Office (DANE).

Mortality records from 2008 to 2019 contain 2, 554, 013 deaths, of which 38, 722 were reported

as Indigenous, 132, 018 as Afro-descendant, and 2, 229, 237 as White-Mestizo ethnicity. Informa-

tion on ethnic population from Census 2005 and 2018 is presented in Table 5.1. Population size

and number of deaths increased for Indigenous and White-Mestizos groups from 2005 to 2018,

but in the case of the Afro-descendant group, the population size decreased during the intercensal

period due to census coverage problems that primarily affected Afro-descendants1 The study did

not include the census omission into the correction method, primarily due to the lack of defini-

tive information regarding the age structure of the omitted population, the number of affected

households, and the potential number of deaths that could have been reported by the omitted pop-

ulation. The estimation of mortality rates was therefore based on population size information from

Census 2005, as it is more reliable when it comes to including ethnic groups and minimises the

bias of the population exposure.

Table 5.1: Population Size and Reported Deaths by Ethnicity from Census 2005 and 2018

Census 2005 Census 2018
Ethnicity Population Deaths Population Deaths

Male Female Male Female Male Female Male Female
Indigenous 703,046 689,577 2,061 1,636 951,215 954,402 8,182 6,358
Afro-descendants 2,143,675 2,168,082 10,325 7,165 1,454,135 1,528,089 11,647 8,520
White-Mestizo 17,051,381 17,846,790 88,326 61,627 18,833,585 19,844,756 115,947 88,758

Source: Own elaboration based on 2005 and 2018 Censuses.

5.2.2 Method

The results presented in Chapter 4 above showed that the level of completeness in Colombian

mortality records varys across ethnic groups, geographical regions, age, and sex. Different meth-
1According to the Colombian National Statistics, 4, 094, 077 persons were not counted in the National Population

Census 2018, https://www.dane.gov.co/index.php/estadisticas-por-tema/demografia-y
-poblacion/censo-nacional-de-poblacion-y-vivenda-2018/cuantos-somos, from which
around 1.6 million belong to Afro-descendants communities.

https://www.dane.gov.co/index.php/estadisticas-por-tema/demografia-y-poblacion/censo-nacional-de-poblacion-y-vivenda-2018/cuantos-somos
https://www.dane.gov.co/index.php/estadisticas-por-tema/demografia-y-poblacion/censo-nacional-de-poblacion-y-vivenda-2018/cuantos-somos
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ods have been considered in order to correct underestimation problems (Derrington, 2013a; Dor-

rington, 2013b; Derrington, 2013b; Bennet and Horiuchi, 1984); however, most of them do not

consider the case of estimating completeness for heterogeneous population subgroups (other than

the standard demographic groupings of age and sex). Additionally, the assumptions upon which

such methods rely may be questionable in this case, and requirements regarding data on migration

are difficult in this context, as information on migration is difficult to obtain at the required gran-

ularity. Linkage methods needed for capture-recapture methods are also difficult to apply as we

have limited variables on which to match. Methods based on model life tables assume particular

age-specific patterns of mortality, e.g. Glei et al. (2021) rely on good estimates of 5q0 and 45q15,

and make assumptions regarding age patterns of mortality that may result in loss of information

given in the registration data.

Yet in spite of the above, an approximation to the completeness of Colombian mortality records

can be made from the census question about how many members of the household died during the

year previous to the census, and whether the death was registered or not. Based on this information,

a logistic regression model for the probability of registering deaths p can be estimated, using age

x, sex s, and ethnicity e as covariates. The model specification used in this case and the resulting

estimates can be found in Chapter 4 Assuming that under-registration comes from a population

in which the under-registration rate remains constant each year conditional on ethnicity, sex and

age group, then observed deaths D follow a binomial distribution, with mean µ equal to the true

number of deaths T multiplied by the probability of reporting p. This is µ = pT . Conversely, for a

given number of observed deaths D, the number of unobserved deaths U has a negative binomial

distribution with mean µ∗ = D(1 − p)/p. The expected true number of deaths is therefore equal

to the number of observed deaths (D) plus the expected number of unobserved deaths (U ), and it

is given by:

T = D + U

T = D +D(
1− p

p
)

T = D
p

p
+D(

1− p

p
)

T = D
p+ (1− p)

p

T =
D

p
(5.2.1)

Equation 5.2.1 together with 5.2.2 below show that an estimate of the true number of deaths by
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specific age-group x and ethnicity e, T̂ xe, can be obtained by dividing the observed deaths D̂xe by

the estimated probability of reporting p̂xe, where the latter is generated by the regression model

presented in the previous chapter.

T̂ xe =
Dxe

p̂xe
(5.2.2)

Equation 5.2.2 thus enables the production of corrected estimates of the death counts in the mor-

tality records for the period 2008 − 2019 by age, and ethnicity. Population exposures to generate

mortality rate estimations were taken from 2005 Census, as this census presents more complete

information of ethnic population compared to the 2018 Census, and population size information

by ethnicity and year are not available. Therefore, correcting the registered deaths by ethnicity

and using the population size from a previous census will give us a baseline estimation of the true

mortality rates by ethnicity. In addition to this, we used information from 2018 Census to estimate

life tables and life expectancies by ethnic groups for the year 2018. We assume that censal omis-

sion in this census affected reported deaths and population size at the same proportion, thus life

tables estimation remains still reliable as the numerator and denominator for mortality rates were

affected at the same proportion.

In order to understand better patterns of mortality variation, we used a method of decomposition

to identify the major contributors to differences in life expectancy (e0) and lifespan disparity (e†)

among ethnic groups. The method of decomposition used here is the one proposed by Horiuchi

et al. (2008), in which the difference in the dependent variable is expressed as a sum of the ef-

fects in its covariates. The explanation below closely follows that given in the above-referenced

paper. This means that the total change in life expectancy at birth between two time points or two

different populations can be understood as the sum of the changes of life expectancy across all

ages during the same time space. For example, the total difference in life expectancy between any

two populations, say, population 1 and population 2, will be equal to the sum of the differences

at age 0, 1, 2.. until age n. "The method is based on two assumptions, first: the values of the

covariates change continuously along the analysed dimension, and this justify the additivity of

covariate effects. Second, it also assumes that changes in the covariates occur gradually and they

are proportional to one another" (Horiuchi et al., 2008, 786).

The model of decomposition assumes a numerical population characteristic y which is a differen-

tiable function (f ) of n covariates X = x1, x2, ..., xn. In our case, the population characteristic is

represented by the life expectancy or life disparity and the covariates are the causes of death and

age of death. Let us assume that both y and the xi depend on time t. Suppose now that infor-

mation from y and X is available at two time points t1 and t2, and X is a differentiable vector of

covariates between t1 and t2. Horiuchi et al. (2008, p787) proposes the Decomposition Model as
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following:

y(t) = f(X(t)) = f(x1(t), x2(t), ..., xn(t))

and the total change between t1 and t2 is determined by:

y(t2)− y(t1) =

∫︂ t2

t1

d

dt
y(t)dt

Applying the chain rule for partial derivatives:

y(t2)− y(t1) =

∫︂ t2

t1

{︃ n∑︂
i=1

∂

∂xi(t)
y(t).

d

dt
xi(t)

}︃
dt (5.2.3)

Exchanging the integration and the summation, and applying the substitution rule of definite inte-

grals:

y(t2)− y(t1) =

n∑︂
i=1

∫︂ xi(t2)

xi(t1)

∂

∂xi(t)
y(t)dxi(t)

Omitting the temporal dimension of the variables, the difference in y between t1 and t2 can be

defined as:

y2 − y1 =

n∑︂
i=1

ci, where ci =

∫︂ xi2

xi1

∂y

∂xi
dxi (5.2.4)

Equations 5.2.3 and 5.2.4, proposed by Horiuchi et al. (2008), show that the total change in the

dependent variable can be expressed as a sum of effects of the covariates. "This specification is

known as line integral and differs from the notion of the effect of the coefficients in the linear

regression model as the later measures the change in y produced by a unit change in xi, that is
∂y/∂xi ; while the decomposition line integral captures the effect of a change in y produced by a

particular change in xi between t1 and t2 measured by ci =
∫︁ xi2

xi1

∂y
∂xi

dxi (Horiuchi et al., 2008,

788)".

Another indicator that we estimated in order to understand ethnic mortality differences is the life
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disparity, e†, understood as the average years of life expectancy lost due to death (Vaupel et al.,

2011; Zhang and Vaupel, 2009; Vaupel and Canudas-Romo, 2003). There are a wide range of

similar indices designed to measure the level of dispersion or entropy of the age of death, but they

are all closely related (van Raalte and Caswell, 2013; Vaupel et al., 2011; Anson, 2002; Wilmoth

and Horiuchi, 1999). Higher values on these indices indicate a great degree of variation in the age

of death of the population; lifespans are more dissimilar to each other in such populations than

in places where the index gives small values. We use here the life disparity index as it is a life

table-based index, defined in Vaupel et al. (2011) as:

e† =

∫︂ w

0
e(a, t)d(a, t)da , with (5.2.5)

e(a, t) =

∫︁ w
a l(x, t)dx

l(a, t)

l(a, t) = exp
(︃
−
∫︂ a

0
µ(x, t)dx

)︃
, and

d(a, t) = l(a, t)µ(x, t)

Where e represents the remaining life expectancy at age a at time t; and l(a, t) is the probability

of survival at age a, while µ(a, t) gives the age-specific hazard of death also known as the force

of mortality. Therefore, a value of e† = 20 means that on average people in society are dying

20 years earlier than their life expectancy at age of death. Life disparity is defined as the average

remaining life expectancy at the ages when death occurs; it measures the life years lost due to

death (Vaupel et al., 2011, p.2).

Equations 5.2.3 and 5.2.4 decompose the life expectancy gap between two time points, y1 and

y2, to identify the age groups contributing most to the changes in life expectancy. However, the

methodology proposed here decomposes the differences between two ethnic groups rather than

over a period of time, aiming to elucidate the sources of these differences. Similarly, Equation

5.2.5 will estimate the within-group dispersion of age at death. A high dispersion signifies sub-

stantial disparity within a specific ethnic group, indicating that while some individuals achieve the

expected lifespan, a significant proportion die much earlier.

5.3 Results

5.3.1 Mortality Differences in Census Data

Life tables for Indigenous, Afro-descendant, and white-Mestizo groups are presented in Tables

5.2, 5.3, and 5.4 respectively. They show the differences in terms of survival probabilities and life
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expectancy at exact ages among ethnic groups. Indigenous and Afro-descendant population show

higher probability of death compared to the White-Mestizo. For example, life expectancy at birth

for Indigenous people is 66.7 years, for Afro-descendants 71.5, and in comparison White-Mestizo

group recorded a life expectancy at birth of 78.9 years. This means that White-Mestizo people live

on average 12.2, and 7.4 years longer than Indigenous and Afro-descendants respectively. The

column of survivals lx of the life table shows the higher survival probabilities for White-Mestizos.

Based on the proportion of survivors by age, about 10% of Indigenous cohort has already died

before age 20, Afro-descendants before age 35, and White-Mestizos before age 55.

The speed at which the different cohorts become extinct is much faster for Indigenous and Afro-

descendant groups when compared to White-Mestizos. For instance, the probability of a person

surviving to age 5 is 0.92; 0.96; and 0.97 for Indigenous, Afro-descendants, and White-Mestizo

ethnicity respectively. In the same order, the probability to survive to age 40 is 0.83; 0.87; and

0.93.
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5.3. Results 89

Figure 5.1 illustrates the differences in lifespan among ethnic groups. The curves represent the

lx values of the life table. White-Mestizos males and females have the longest lifespan and In-

digenous people have the shortest. For females, the differences are mainly determined by the

higher mortality of children under 5, particularly amongst Indigenous groups. The differences

show an increase until age 50. Overall, White-Mestizo have better survival chances compared

to Afro-descendant and Indigenous groups. The gap, however, tends to converge in older ages

where the differences are smaller. For males, the differences are determined by the child mor-

tality as well, and additionally, there is evidence of mortality increase in Afro-descendant people

at age 15, which in turn generates a big impact on the lifespan differences when compared to

White-Mestizos.

Figure 5.1: Survival Curves by Ethnicity and Gender

Survivals curves show that White-Mestizo males and females have a longer lifespan compared to
Afro-descendant and Indigenous people.

Source: Own elaboration based on the 2018 Census.

The decomposition of life-expectancy and life-disparity differences show the age at which these

differences start building up and the age-groups with the highest contribution. Figures 5.2 and

5.3 show the changes in life expectancy (e0), and life disparity (e†0) respectively. The biggest

contributors to life-expectancy inequalities are the groups at age 0 and 1. As shown on the left

side of Figure 5.2, people at age 0 contribute to more than 0.5 years to the overall 7.4 years life

expectancy differences between White-Mestizo and Afro-descendant groups. Deaths at age 25

and 75 contribute likewise with more than 0.1 years to life expectancy inequalities. Comparing

Indigenous with White-Mestizos, differences at age 0 constitute more than 2.5 years of the total

12.2 years life expectancy gap between the two groups. Children under age 5 are the largest

contributors to the differences, while contributions from the rest of the groups remain more or less

constant around 0.2 years. The peaks at ages 40, 50, 60, 70, and 80 are attributed to potential age

heaping problems.
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Figure 5.2: Decomposition of Life Expectancy (LE) Differences. Age Groups Where White-
Mestizo Accumulates Life Expectancy Advantages Relative to Afro-descendants and Indigenous
Groups

Figure 5.2 shows the age groups which most contribute to life expectancy differences. The figure on the left
presents how many years each age group contributes to the life expectancy gap between Afro-descendants
and White-Mestizos. The figure on the right shows the age groups’ contributions to the life expectancy
differences between Indigenous and White-Mestizo groups.

Source: Own elaboration based on the 2018 Census.

Life disparity estimations yield on average 14.8; 17.1; and 19.2 years for White-Mestizos, Afro-

descendants, and Indigenous people respectively. This means that on average a White Mestizo

person dies 14.8 years earlier than it was expected they should have lived at the age at which they

died, while an Indigenous will die 19.2 years earlier or will lose 19.2 years of life on average

upon death. For males, the corresponding values are 16; 19.1; and 20.5 years, and for females

13.2, 14.8, and 17.7 years respectively. Looking at how the differences in life disparity across

ethnic groups decompose, Figure 5.3 illustrates why White-Mestizos present lower dispersion of

the age of death when compared with other ethnic groups. Life disparity index is a measure of

entropy and it will be equal to 0 if all deaths were concentrated at a particular age. White-Mestizos

present lower disparity compared with Afro-descendants principally due to the contributions of

children under 5 and young adults around age 25 (Figure 5.3). This suggests White-Mestizos

have a lower proportion of deaths at those ages which decreases life disparity, as more people get

closer to their expected age of death. Likewise, they present an increase in disparity at older ages

which means more people are outliving the expected population age of death, which represents a

higher dispersion of the age of death, therefore any distancing from the expected age of death will

increase the disparities among lifespans in the society. There is a threshold age, a†, below which

mortality reductions decrease lifespan disparity, while reductions above the threshold increase

disparity (Aburto et al., 2019, 2018; Zhang and Vaupel, 2009). For this population, the threshold
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age appears to be approximately 75.

Figure 5.3, right panel, shows that the lower disparity in White Mestizos compared to Indigenous

is basically due to the lower mortality in children and newborns. Lower mortality at older ages

in White-Mestizos increases lifespan disparity relative to the indigenous group, but it does not

counteract the effect of low lifespan disparity at younger ages. Therefore, the final effect is a

lower dispersion of deaths in White-Mestizos compared with Indigenous people.

Figure 5.3: Decomposition of Lifespan Disparity (LD). Age Groups Where White-Mestizos Ex-
perience a Decrease in LD Compared to Afro-descendants and Indigenous Groups

Differences in life disparity between White-Mestizos and Afro-descendants (left), and between

White- Mestizos and Indigenous (right) show that differences are generated fundamentally in

childhood ages and young adults .

Source: Own elaboration based on the 2018 Census.

5.3.2 Mortality Differences in Death Registers

Our previous analysis has reconfirmed that mortality from Colombian death registers is under-

estimated especially for ethnic groups, see Chapter 4. Adjustments based on census data using

equation 5.2.2, however, yield consistent results for most of the years from 2008 to 2019. Fig-

ure 5.4 shows the mortality trends from 2008 to 2019 by ethnicity and age. The dashed lines

represent uncorrected mortality rates, and the solid lines represent corrected mortality rates ad-

justed for under-registration. Uncorrected data show higher mortality of White-Mestizo people

during the whole period, and that for Indigenous from 2008 to 2019, present the lowest level of

mortality in the country. However, after considering the under-registration bias, Indigenous and

Afro-descendants populations have a higher level of mortality than White-Mestizos. Indigenous

groups present high mortality between ages 0 and 10, and Afro-descendants between ages 15
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and 30, and in the last three years of the observation period, mortality rates in Afro-descendants

decreased considerably.

Corrected mortality rates show that mortality differences between White-Mestizos and Indigenous

groups increased during the period 2008-2019 while Afro-descendant people present a significant

mortality reduction and the mortality gap in relation to White-Mestizos disappear during the last

three years of the analysed period. This result for Afro-descendant group requires however addi-

tional investigation due to the underestimation of deaths in both the census from 2018 as well as

the mortality records.
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5.4 Discussion

Mortality and health disadvantages for Indigenous and Afro-descendants people have been appar-

ent in both census and mortality register data. Comparing data from these two different sources

yield consistent and complementary results that allow a better understanding of mortality patterns

and levels in ethnic population. Census data help identify that Indigenous and Afro-descendant

populations display high mortality in children and young populations respectively, which explain

lower life expectancy in Indigenous and Afro-descendant people compared with White-Mestizos.

Indigenous population have a lower life expectancy at birth of 66.7. Child mortality, deaths re-

lated to pregnancy, childbirth, and nutritional deficiencies play an important role in this group,

which suggests potential influence of social and cultural conditions of the ethnic minorities in

Colombia. Indigenous groups are the poorest population of the country, and located in remote

regions with poor access to health centres. Home birth practices in Indigenous communities and

the lack of training, malnutrition and poor hygiene during births could explain part of this finding

(Human-Right-Watch and Johns-Hopkins-Center, 2020). An investigation of the causes of death

of different ethnic groups in Colombia is presented in the next chapter. Afro-descendant group on

the other hand, have relatively better survival chances compared with Indigenous, but the differ-

ences were considerable when compared with White-Mestizo people. Life Expectancy at birth in

Afro-descendant is 71.5 years.

White-Mestizo group shows a life expectancy of 78.9 years and thus better survival probabilities

in the Colombian society compared to other groups. The differences in life expectancy among

ethnic groups are surely getting wider over time due to the increase in the mortality gap between

White-Mestizos and Indigenous groups. Official data give however opposite results, but the level

of bias due to mortality underestimation for Afro-descendant and Indigenous deaths does not allow

demographers to obtain reliable results. Estimations with uncorrected Colombian data should be

considered thus with caution when comparing ethnic groups.

Despite the correction of bias in the mortality registers for Afro-descendants and Indigenous deaths

using weighting methods based on the 2018 Census, the results are not exempt from limitations.

The census is the most reliable registry of vital statistics in the country; however, it still suffers

from undercoverage errors, particularly with the Afro-descendant population. This suggests that

the census may not have captured all deaths among Afro-descendants, partially explaining why the

mortality gap between White-Mestizos and Afro-descendants is significantly narrower compared

to the gap between White-Mestizos and Indigenous peoples. The apparently better indicators

among Afro-descendants may be influenced by this census error. Data quality therefore presents

a limitation to the study, as mortality rates for Afro-descendants may be slightly underestimated.

However, it is important to note that while the overall mortality levels may be affected, the patterns

of mortality by age, and gender are unlikely to be significantly altered, as the level of error is likely

proportional within the Afro-descendant group. Furthermore, two aspects should be considered
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for future studies: First, the occurrence of no deaths or only one death in some regions poses a

challenge that cannot be corrected with the employed methods based on weighted factors. Second,

the absence of information regarding the population size of ethnic groups for years other than those

covered by the census prevents a time-varying analysis of non-reporting probabilities with time-

varying exposures.

Another limitation is that uncertainty introduced by the correction process is not quantified in the

results, and therefore the reliability of the results is difficult to assess. Such uncertainty may result

from the underlying binomial uncertainty relating to the decision to register as well as from the er-

rors in the estimation of the regression model coefficients. Quantification of such uncertainty may

be possible. Simulation experiments may aid with examination of the extent of this uncertainty,

but a full examination of such uncertainty was beyond the scope of this explanation.

The study however represents an important contribution in terms of the understanding of mortality

patterns in the Colombian ethnic population, and allowed us to identify the age groups and gender

that determine the ethnic mortality differences in the country.



96 Chapter 5. Ethnic Mortality in Colombia 2008-2019



CHAPTER 6

Causes of Death and Ethnicity in Colombia

6.1 Introduction

Causes of death are probably the best indicator of social inequalities. Unlike indicators of living

conditions that show a “picture” of the current situation that could not correspond with the life

conditions in which people have lived the most of the time, cause of death captures the cumulative

effect of environment and living conditions over long periods of time. The analysis of social

conditions and inequalities among social groups requires thus not only the consideration about

how people live, but it requires likewise the analysis about how people die.

The transition from leading causes of death such as infections diseases, malnutrition, and ma-

ternity complications to causes such as cardiovascular diseases and cancer, were determined by

improvements in preventive and curative measures as well as a better hygiene and nutrition of the

population. This explains therefore mortality differences among countries with different socioe-

conomical conditions. But it could be insufficient to explain differences among groups that share

the same stage of development and even the same space like the case of multiethnic countries in

which particular groups show great differences in terms of age and causes of death.

Causes of death, therefore, represent a significant issue from an ethnic perspective, as they affect

White and non-White populations to varying degrees. During the COVID-19 pandemic, for ex-

ample, non-White populations were affected at a higher rate as a result of underlying social and

economic inequalities that led to greater exposure to the virus (Nazroo and Becares, 2020; Gross

97
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et al., 2020; Platt and Warwick, 2020; Ogedegbe et al., 2020). Similarly, studies have shown that

Indigenous populations in New Zealand, Australia, Canada, and the US exhibit higher mortality

rates from diabetes but lower mortality rates from lung cancer. This disparity is attributed to the

lower prevalence of habitual cigarette smoking within these populations (Bramley et al., 2004). In

the US, Black and Indigenous people face a higher risk of being killed by police than do Whites:

for Blacks the risk is 2.5 times higher, and for Indigenous it is between 1.2 and 1.7 times (Edwards

et al., 2019). The studies show that racism and ethnic discrimination are a social determinant of

health and many of the disadvantages for non-White groups could be explained by poverty, and

although in the last decades has been a decreasing trend in causes of death like heart disease,

cerebrovascular disease, diabetes mellitus, and influenza and pneumonia for the whole popula-

tion; disparities among ethnic groups have increased in causes such as heart diseases, respiratory

diseases, and nephritis (Chang et al., 2016).

Previous studies have reported health and mortality inequalities among White-Mestizos, Afro-

descendants, and Indigenous populations in Colombia. Afro-descendant women exhibit higher

child mortality rates compared to their White-Mestizo counterparts, with Afro-descendants having

a 25% higher risk of losing a child (Palacios, 2018). Additionally, regions with a higher propor-

tion of Afro-descendant and Indigenous inhabitants show increased mortality from infectious and

perinatal diseases, while regions in the center of the country, predominantly inhabited by White-

Mestizos, display higher mortality rates from cancer (Spijker et al., 2020). Afro-descendants also

experience a higher homicide rate. In Cali, the city with the highest number of Afro-descendants

in the country, 80% of deaths among individuals aged 15 to 19 in this group are due to homi-

cide (Urrea-Giraldo et al., 2021). Although these studies focus on specific Colombian cities and

specific causes of death, or they use regions as proxies for ethnicity, thereby excluding ethnic

populations living outside those regions; these studies do provide essential context for the present

work, which aims to examine all causes of death at a national level by ethnicity.

6.2 Data and Methods

As discussed in the previous chapter, the data for this analysis are derived from the 2018 Census

and the mortality registration records from 2008 to 2019, with population size information sourced

from the 2005 and 2018 Censuses. This information was provided by the Colombian National

Statistics Office (DANE) and is detailed in Section 5.2.1.

The analysis of causes of death by ethnic groups was conducted using data from mortality records

based on the International Classification of Diseases, version 10 (ICD-10). To examine the primary

causes of death by ethnic groups, we addressed the downward bias in death counts resulting from

under-registration. This was achieved by assuming that the distribution of causes in observed

deaths resembles that in unobserved deaths. Specifically, if the total number of registered deaths

from mortality records is underestimated, we presumed that under-registration by causes of death

occurs at the same rate as for total deaths, considering ethnicity, age group, and sex. For example,
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if child mortality in a specific ethnic group was underestimated by 50%, then all causes of death

in that group were similarly underestimated by the same proportion. Consequently, the correction

factor for a specific cause of death is contingent upon age group, sex, and ethnicity. This correction

method ensures a more accurate approximation of the overall level of mortality and facilitates the

estimation of the genuine impact of causes of death among Colombian ethnic groups.

Information regarding causes of death was extrapolated to census data from the mortality records

as follows: if at time ti, the total number of registered deaths at age ai for a specific ethnic group

and gender were composed of the causes x1+x2+x3+...xn with percentages p1+p2+p3+...pn;

then the total number of deaths reported in the Census 2018 were distributed following the same

proportions of the causes by gender and ethnicity. This approach enhances the data quality for

two primary reasons. First, the census provides the most reliable estimation of the true number

of deaths in the country. Second, while mortality registers may suffer from some level of under-

registration (see Chapter 4), the mortality patterns in terms of causes of death by age, gender, and

ethnicity are assumed to remain relatively unaffected. Consequently, by unifiying the number of

deaths from the census with the patterns of causes of death from mortality records, we obtain a

reliable description of the levels of mortality by cause among Colombian ethnic populations.

We applied decomposition methods by age group, cause of death, and ethnicity to identify the

major contributors to changes in life expectancy (e0) and lifespan disparity (e†) among ethnic

groups. The analysis of decomposition by single age and causes of death is based on the 2018

Census and life tables for different ethnic groups. Similar to Chapter 5, the decomposition method

used here is the one proposed by Horiuchi et al. (2008), wherein the difference in the dependent

variable is expressed as a sum of the effects in its covariates, as detailed in Section 5.2.2.

The model of decomposition as presented in Section 5.2.2 assumes a numerical population char-

acteristic y which is a differentiable function (f ) of n covariates X = x1, x2, ..., xn.In the results

presented in this chapter, the population characteristic of interest is life expectancy or life disparity

and the covariates are the causes of death and age of death. Let us assume that both y and the xi

depend on time t. Suppose now that information from y and X is available at two time points t1
and t2, and X is a differentiable vector of covariates between t1 and t2.

Then as before, model of decomposition according to Horiuchi et al. (2008, p787) has the follow-

ing form:

y2 − y1 =
n∑︂

i=1

ci, where ci =

∫︂ xi2

xi1

∂y

∂xi1
dxi (6.2.1)

Equation 6.2.1 shows that the total change in the dependent variable can be expressed as a sum

of effects of the covariates. "It is important to note that regression analyses and decomposition
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analyses are based on different notions of the effect of a covariate on a dependent variable. The

linear regression coefcient for xi shows a change in y produced by a unit change in xi, ∂y/∂xi. A

decomposition analysis estimates a change in y produced by a particular change in xi from t1 to

t2, which can be expressed as ci =
∫︁ xi2

xi1

∂y
∂xi1

dxi" (Horiuchi et al., 2008, p788).

In contrast to the previous Chapter, the vector of covariates x consists not of mortality rates by age,

but a complete set of age and cause specific death rates. These rates are complete in the sense that

the sum of all included cause-specific rates for a particular age will give the all-cause mortality

rate for that age. The decomposition effects and classification of causes of death were estimated

with the function horiuchi from DemoDecomp package and the algorithm for plotting causes of

death from Jonas Schöley respectively.

6.3 Results

6.3.1 Causes of Death

The higher mortality of young males in Afro-descendants and mortality of children in Indigenous

are linked to specific causes of death. Figure 6.1 shows the most frequent causes of death in ethnic

population over 2 years old. The very young population are excluded from the plot to allow deaths

to adult population to be displayed more clearly.
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The most common causes across all ethnicities are circulatory diseases, cancer, respiratory dis-

eases, homicide, and other external causes, particularly road traffic accidents. The young popu-

lation in Afro-descendants are particularly affected by homicide, and young Indigenous women

experience higher mortality during pregnancy, childbirth and puerperium (represented by a bright

green area in the plot). Likewise, the Indigenous groups have a higher child mortality than White-

Mestizos and Afro-descendants. This is more clear in Figure 6.2 that includes mortality at ages

0 and 1. Mortality by perinatal and congenital conditions is the main cause of death in children

under 1 year old for all groups. But in the case of Indigenous, nutritional deficiencies likewise

play an important role in infant mortality; and mortality of Indigenous children is excessively high

compared with the mortality at older ages in the same ethnic group.
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Figures 6.3, 6.4, and 6.5 show the trend of the main causes of death during the periods 2008−2011,

2012− 2015, and 2016− 2019 for all ethnic groups. Figure 6.3 shows White-Mestizos’ causes of

death, and how they change with age and gender. The proportion of people dying at the older ages

increased during the last two periods, and a higher proportion of people died after age 70 due to

circulatory diseases, cancer, and respiratory diseases in the period 2016−2019. Homicide was the

main cause of death in young population amongst the White-Mestizo group, but the proportion of

deaths in these groups is relatively low compared with the mortality in older age-groups.

Afro-descendants causes of death are presented in Figure 6.4. The proportion of elderly popu-

lation dying due to circulatory diseases and cancer is significantly higher in the last part of the

period. Deaths at age 0 in Afro-descendants are mainly due to perinatal and congenital conditions.

Additionally, Afro-descendants present the highest level of deaths due to homicides in the coun-

try. Although homicide is the third highest cause of death after circulatory diseases and cancer,

it is the primary cause of death for male Afro-descendant aged between 15 and 40 years old, and

they account for a considerably higher level of mortality when compared with Indigenous and

White-Mestizo groups. Surprisingly, the trend in homicides shows a substantial decrease among

Afro-descendants during the period 2016− 2019.
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Indigenous causes of death in Figure 6.5 show an excessively high child mortality in this group,

and the composition of the causes is more heterogeneous compared to those in White-Mestizos

and Afro-descendant groups. Perinatal and congenital conditions are the leading cause of death

in Indigenous at age 0. This makes Indigenous mortality between ages 0 and 5 disproportionately

high compared to other groups, and they are the only ethnic group where mortality by pregnancy,

childbirth, and puerperium is significantly high. Other causes such as homicide show a slight de-

crease while deaths due to traffic accidents and the proportion dying in the older groups increased

from 2008 to 2019. The elderly population in Indigenous as well as in White-Mestizos and Afro-

descendants people die mostly due to circulatory diseases, cancer, and respiratory diseases.

The contribution of the causes of death to differences in life expectancy and lifespan disparity vary

for Afro-descendants and Indigenous groups when compared to White-Mestizos, as shown in Fig-

ures 6.6 and 6.7. With respect to contributions of causes of death to differences in life expectancy

between White-Mestizos and Afro-descendants, the largest contributions are seen at ages 0 and 5

attributed to perinatal and congenital conditions, respiratory diseases, infectious diseases, and par-

asitic infections. In young adults, homicide, infectious diseases, pregnancy, childbirth, and puer-

perium make an important contribution to the life expectancy gradient between White-Mestizos

and Afro-descendants. After the age of 40, the largest contributors are circulatory diseases and

cancers. The bars under 0 show Afro-descendant mortality to some specific causes reduce the

differences versus White-Mestizos slightly, for example at age 1 by congenital conditions.

Comparing Indigenous groups with White-Mestizos show that life expectancy and lifespan dif-

ferences are determined fundamentally during childhood by perinatal, congenital conditions, res-

piratory diseases, nutritional deficiencies, and infections and parasites. Likewise, teenagers and

adults until age 40 especially females die mostly due to external causes, pregnancy - childbirth and

puerperium. Additionally, after age 50, Indigenous population are at a higher risk of dying due to

cancer, respiratory diseases, and circulatory diseases when compared with White-Mestizos.
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6.3.2 Adjusted Mortality by Causes of Death

Figures 6.8, 6.9, and 6.10 present the corrected and uncorrected distribution of causes of death

by ethnicity and gender. The results show that after the correction, mortality patterns remain

almost unchanged, with an exception of slight changes in the distribution of some causes. The

adjustments to the causes of death distributions presented below focus on finding variations in

age-patterns of deaths instead of changes in the mortality level as was showed in Chapter 5. For

this reason, the correction factor weights up to a greater extent the age groups in which mortality

under-registration is higher. However, it is possible that changes in proportions by age-groups are

not large enough to reshape the curve of mortality. Therefore, mortality under-registration may

have a greater impact on the level of mortality, but much less on mortality patterns.
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Corrected causes of death in White-Mestizos present trivial changes in distribution for males and

females. The biggest changes in the mortality distribution are at age 0 which presents a clear

increase for infectious and Parasites diseases, respiratory diseases, nutritional deficiencies, and

external causes. In young adults, much of the increase in mortality are due to traffic accidents,

external causes, and homicides, while cancer had a redistribution to younger ages in both males

and females. In Afro-descendants, changes in the adjusted distributions are bigger for males than

females (Figure 6.9). They present a higher variation in deaths by circulatory diseases, cancer, and

homicide than females.

Corrected distribution of deaths in Indigenous, Figure 6.10, do not show any significant changes

in the older population, but deaths of children under age 1 show a clear increase in causes of death

such as respiratory diseases and ill-defined diseases.
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The unusual results showing a decline in homicides in Afro-descendants warrant caution, as it

could be a consequence of data quality rather than a reflection of the social reality. Figure 6.11

presents the trend of homicides by ethnicity and departments from 2008 to 2019. The departments

of Valle del Cauca, Chocó, and Bolivar host the highest absolute number of Afro-descendants

people in Colombia. These regions present a decrease in the number of registered homicides

among Afro-descendants. According to 2005 Census more than 1 million of Afro-descendants

are located in the department of Valle del Cauca, which reports on average between 500 and 600

Afro-descendants homicides per year, but for 2017, 2018, and 2019, it reported only 25, 2, and 35

homicides respectively. Likewise, the department of Bolivar reported only 2, 1, and 0 homicides

for the same years. This phenomenon, however, is systematic across the country. Deaths by

homicide decreased abruptly for Afro-descendants across all the departments (Figure 6.11). At the

same time, it increased for White-Mestizos, which could be possibly due to an ethnic registration

bias. Further analysis is required to understand the potential influence of registration biases on

the mortality reduction in Afro-descendant males. In contrast, similar patterns are not seen in

other causes; the top row of plots in Figure 6.11 shows trends for deaths Circulatory Disease, for

example.
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Figure 6.11: Trend of Registered Homicide and Circulatory Deaths by Ethnicity in Selected De-
partments Between 2008 and 2019

Figure 6.11 shows the number of registered deaths in Colombian department where a

significant proportion of Afro- descendants reside. Number of registered deaths are

classified by department, cause of death and ethnicity. The plot shows absolute changes

over time in the number of registered deaths with respect to the baseline year 2008.

Registered deaths in Indigenous remain relatively constant by departments and causes

of death. In White-Mestizos and Afro-descendants, the results show an unusual trend in

deaths by homicide (bottom row). From 2016 onwards, Afro-descendant deaths show a

significant decline while White-Mestizos deaths increased during the same period. The

department of Chocó, where around 80% of the population is Afro-descendants, has

shown historically a higher number of Afro-descendant deaths by homicide. However,

since 2016 the number of registered death by homicide from White-Mestizos is higher

than the number of deaths from Afro-descendants. This general pattern in different

Colombian departments could be due to a phenomenon of ethnic misclassification. The

top row of the plot shows trends in deaths by circulatory disease by way of comparison.

Source: Own elaboration based on Colombian mortality records.

6.4 Discussion

The most significant finding of this paper is that the Indigenous population, in comparison to other

ethnic groups, has higher child mortality, and causes of death by infectious diseases are more

common in this group. Indigenous populations have been historically located in rural areas with

difficult access to health facilities and clean water. Home birth is likewise a regular practice in

indigenous communities, and probably the lack of training in the personal and poor sterilisation of

material and equipment employed during this procedure could explain not only the disproportion-
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ate infant mortality compared with other ethnic groups, but also the high mortality of Indigenous

women during pregnancy, childbirth and puerperium. Additionally, environmental conditions in

Indigenous remote areas could make this population more prone to deaths by infections, parasites,

and nutritional deficiencies.

The Afro-descendant population on the other hand, shows higher mortality in teenagers and young

adults, and the external causes of death, such as homicide, occur more often in Afro-descendant

than in persons with another ethnic background. Afro-descendants are located along the Pacific

and Atlantic coast and over time an important part of their population has migrated to the main

cities of the country where they reside in the poorest areas. The city of Cali is probably the more

clear example of this phenomenon. The excess mortality of young Afro-descendant males by

homicide could be explained by the urban violence and criminality in depressed areas where they

are located. Infant mortality is proportionally higher in Afro-descendants compared with With-

Mestizo group, but it is much lower compared with Indigenous. This could be the result of having

a greater percentage of the population in urban areas (Departamento-Administrativo-Nacional-De-

Estadística, 2019b).

Mortality in young Afro-descendants decreased sharply in the last period 2016-2019, mainly due

to the drop in the proportion of homicides. However, this finding based on data from death registers

is not consistent with the information from 2018 Census which shows that Afro-descendant males

were affected by relatively high mortality rates at young ages. Mortality by homicide in Colombia

has been declining over the last few years, possibly attributed to the initiation of peace agreement

with the guerrillas group FARC-EP in 2016. However, the observed decrease in homicides were

more general across Colombian population and not exclusive to a particular ethnic group. The case

of the department of Chocó for example is quite striking. In this department more than 80% of

the population identified themselves as Afro- descendant which makes it the department with the

highest concentration of Afro-descendants in the country. Between 2017 and 2019, the number

of homicides from Afro-descendants dropped by a third, but the number of homicides among

White-Mestizos were multiplied by five. As a result, Chocó, the typical Afro-descendant region in

Colombia, has four times more homicides among White-Mestizos than among Afro-descendants.

The results in the white-Mestizo population are more consistent with the global mortality transi-

tion. It concentrates the majority of deaths at older ages and shows a higher prevalence of degener-

ative diseases such as cancer, circulatory, and respiratory diseases. This could be due to the higher

proportion of White-mestizos surviving until older age groups when these causes of death are

more common. Although homicide affects young White-Mestizo males and constitutes the main

cause of death for males between the age of 15 and 40, it is not as high as in Afro-descendants,

where the proportion of male deaths due to this cause at the age of 20 is similar to the proportion

of male deaths at age 80. Causes of death by ethnicity present important differences in terms of

what causes are more frequent in Indigenous, Afro-descendants, and White-mestizos as well as

what age groups and gender are more affected. From Omran’s perpective (Omran, 1971) these
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results suggest profound social inequalities among ethnic groups similar to differences between a

poor and a rich country.

Data quality represents an important limitation of the present study. In some municipalities where

deaths were not registered or reported, adjustments could not be made. Additionally, while the

Horiuchi decomposition method offers valuable insights into mortality differentials among ethnic

groups, it may oversimplify the complex mortality patterns in Colombian society as the method

may not adequately capture the underlying factors related to racism and social inequities that

contribute to mortality differentials. Furthermore, the method’s reliance on continuous changes

over time in the causes of death may be inappropriate if some causes change in discrete manners.

Although changes in causes of death could be perceived as discrete shifts between individuals,

when aggregated across a population, these changes tend to occur gradually over time. As such,

this could be considered a minor limitation.

Despite the mentioned limitations, the study makes a significant contribution by enhancing our

understanding of mortality patterns within Colombian ethnic populations. It enables the differ-

entiation of causes of death by age, gender, and ethnicity, which will enhance the efficacy of

interventions aimed at improving health outcomes in marginalised ethnic groups.
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CHAPTER 7

Ethnic Identification in Mortality Records Using a Random Forest
Model

7.1 Introduction

The study of health inequalities in ethnic minorities is often challenging due to lack of quality and

reliable information. Difficulties with data quality can arise due to digit-preference (Myers, 1954),

misreporting (Preston et al., 1999), overestimation (Scholz and Jdanov, 2008), underreporting

(Gakidou et al., 2004), or simply missing information. In Colombia, the mortality registration

form, for example, did not collect ethnic information before 2008 which makes any retrospective

analysis of ethnic mortality impossible. Identifying the ethnicity of those who died before 2008

will enable better understanding and monitoring of long-term trends in ethnicity mortality.

However, ethnic classification is an ethically sensitive topic, and the “criteria” used to ascribe peo-

ple or classify groups sometimes involve considerable political sensitivities and interests. In the

United States, for example, the hypodescent method of ethnic classification determines that chil-

dren from mixed couples are automatically assigned to the ethnic group with lower status. In this

context, the "one-drop rule", which remained legal in the US until 1967, stipulated that having one

drop of blood from a non-White person was enough to classify an individual as non-White. This

biological classification of race stemmed from political notions of racial superiority and "racial

purity" propagated by a slavery system. In Latin America, ethnic ascription has often followed a

hyperdescent ethnic classification model in contrast to the hypodescent model observed in the US.

This means that individuals of mixed heritage, such as Mestizos, are more commonly identified

121
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as White rather than Indigenous and are classified within the more socially dominant category

of the parents’ ethnicity or ethnic group (Iverson, 2022). The main ethnic groups in Colombia

are White-Mestizos, Afro-descendants, and Indigenous, with ethnicity being self-reported. For

mortality registration, the ethnic affiliation of the deceased is provided by family members. Indi-

viduals with multi-ethnic ancestry can identify with an ethnic group based on their social practices,

traditions, and culture. Although ethnicity has a physiological component, it is fundamentally a

socially constructed category rather than a biological determination.

Ethnic groups in Colombia exhibit particular characteristics in terms of geographical location, age

at death, life expectancy, causes of death, and other socioeconomic conditions. Consequently,

it is feasible to ascribe ethnicity to individual death records missing this information using ma-

chine learning applications. Machine learning provides a set of tools that generally perform better

at predictive tasks than traditional statistical models, although they are more complex and less

capable of making inferences about the underlying data-generating process (James et al., 2014;

Hastie et al., 2009). These methods can classify ethnicity by training an algorithm to estimate the

probability that a person with a specific vector of characteristics X belongs to a particular group.

This approach is particularly relevant when ethnic information cannot be collected, as is the case

with the Colombian deceased population before 2008. The identities estimated through this ethnic

recognition methodology should be understood as the probable ethnic identity that a person would

have reported if they were alive.

New methodologies of ethnic recognition based on demographic characteristics, epidemiological

profiles, and spatial information have demonstrated positive results in ascribing ethnic origin to in-

dividuals (Kim et al., 2018; Elliott et al., 2008). Software algorithm methodologies for identifying

ethnic identity have been successfully employed in various studies conducted in the Netherlands

(Bouwhuis and Moll, 2003), the UK (Nanchahal et al., 2001), Germany (Razum O, 2001), the USA

(Lauderdale and Kestenbaum, 2000), and Canada (Sheth et al., 1999). More recently, studies utilis-

ing names and surnames (name network clustering techniques) for ethnicity classification have re-

ported positive predictive values (PPV) around 98% (Voicu, 2018; Imai and Khanna, 2016; Mateos

et al., 2011). PPV is defined as PPV = Number of True Positive/Number of True Positive + Number of False Positive,

measuring the proportion of cases that are truly positive out of the total cases classified as positive

(Akobeng, 2006). Therefore, PPV should be understood as the probability that a person identified

as positive for an attribute or condition indeed possesses that characteristic.

The aim of the present analysis is to apply machine learning methods to investigate the feasibility

of estimating the ethnic background of deceased populations for which ethnic information is not

available, and to evaluate the biases and other problems that may be encountered when doing so.
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7.2 Literature review

Software algorithms are playing an increasingly important role to inform decision making and to

determine human decisions in different aspects of the social life (Burrel and Fourcade, 2021; Gille-

spie, 2013). Decisions on bank credits, job candidates selection, personalised advertisement, and

potential persistent offenders are determined by software algorithms in modern societies (O’Neil,

2016). At the same time, there is a growing concern regarding the use and the “understanding” of

ethnic and racial categories from algorithms and the introduction of racial bias into the algorithm

process. Algorithms tend to incorporate in their estimations the beliefs and bias of the society in

which they were created (Silva and Kenney, 2018; Winner, 1980) and in consequence task per-

formed by machine learning algorithms could be racially biased, in the sense that they can lead to

discrimination and over-estimation of negative behaviours in non-White population (Obermeyer

et al., 2019; Chouldechova, 2017). It is possible that racial bias resulting from algorithms can not

be prevented by omitting racial categories in input data; as race is a social constructed variable, it

is related to the social environment in which the information is collected. Thus social segregation,

spatial segregation, and social classes are already racially biased. This means racial biases are not

introduced by the algorithm but probably result from the data itself: the algorithms are trained

with biased information. For instance, members of minority groups might be less likely to be

approved for credit even if they have the same characteristics as members of the majority group,

simply because on average members of the minority group are less likely to be able to afford re-

payments, because of underlying economic disadvantage. This reasoning has led to suggestions

that unsupervised machine learning models could give better results in terms of algorithm fairness

(Benthall and Haynes, 2019).

Ethnic recognition through machine learning methods does not aim to assign ethnic identities

based on arbitrary categories or biological characteristics. It seeks to use known information

on epidemiological, demographic, and geographical locations of ethnic populations to estimate

probabilities of group membership for individuals with those specific characteristics but for whom

ethnic information was not registered. The model, therefore, does not aim to "predict" identities

or future behavior. Instead, it seeks to identify the probable ethnicity of deceased individuals

based on their specific social backgrounds and epidemiological profiles. From this perspective, the

moral issue of potential racial bias may be considered to have fewer social implications compared

to algorithms that attempt to predict, for instance, potential criminal behavior based on racially

biased data.

Methodologies for ethnic recognition using machine learning algorithms are increasingly prevalent

in various social contexts. The combination of forenames and surnames with geographical and

demographic information has shown promising results in ascribing ethnic origin (Voicu, 2018;

Imai and Khanna, 2016; Komahan and Reidpath, 2014; Mateos et al., 2011; Lakha et al., 2011;

Macfarlane et al., 2007). Name-based ethnicity classification methods operate on the premise

that the practice of assigning forenames and surnames is not random but is instead socially and
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geographically determined, reflecting an individual’s ethno-cultural and geographical background.

Consequently, it is possible to identify ethno-cultural patterns within a population based on names.

For instance, individuals with British, Indian, or Turkish backgrounds can be grouped into ethno-

cultural clusters, where names play a crucial role in their identification and classification.

Medical registers from general practices in England have been employed to identify the ethnic

backgrounds of individuals using data related to religious affiliation, spoken languages, and names.

The results demonstrate that more than 90% of individuals could be accurately classified, indicat-

ing levels of sensitivity and specificity1 around 92% and 96% respectively (Macfarlane et al.,

2007). Likewise, algorithms have been employed to predict morbidity patterns and classify phe-

notypic characteristics such as systolic and diastolic blood pressure, heart rate, and high- and

low-density lipoproteins, achieving 100% accuracy for the prediction of certain diseases (Seffens

et al., 2015). In these particular cases, race and ethnic information served as crucial predictors, as

ethnic minorities are often linked to specific social and cultural environments, exposing them to

particular disease risks. Similarly, models and algorithms using clinical records of patients have

been used to predict mortality with notable success (Xia et al., 2012). Machine learning models

have demonstrated satisfactory results in prediction and classification tasks, particularly when the

outcome is a categorical variable. For mortality and morbidity prediction, these models generally

outperform logistic regression models (Rahman et al., 2013). However, it has also been argued

that the advantage of machine learning models is not significantly superior compared to more clas-

sical approaches for classification. Furthermore, the higher complexity and lower interpretability

of these models make logistic regression models a viable alternative for better understanding the

relationships among variables (Xue et al., 2019).

In racial and ethnicity recognition tasks, machine learning models have been used to impute infor-

mation for individuals who did not report the ethnic background in their medical records. Racial

information is considered a significant predictor of health conditions in epidemiological studies

because these categories are assumed to be strongly correlated with socioeconomic status, access

to quality education, and healthcare. Consequently, the relationship between morbidity and ethnic-

ity has been analysed from a machine learning perspective using demographic and anthropometric

data. For instance, Kim et al. (2018) used medical histories and clinical information, such as age,

gender, and codes from the International Classification of Diseases, Ninth Revision (ICD-9), to

ascribe ethnicity to patients.

Machine learning models in these contexts can handle large and complex datasets, identifying
1Assuming that a classification task involves identifying points that possess a determined characteristic (pos-

itive cases) from those that do not (negative cases), sensitivity and specificity are critical metrics. Sensitiv-
ity, defined as Sensitivity = Number of True Positive/(Number of True Positive + Number of False Negative),
refers to the proportion of positive cases that were correctly classified (true positive cases)
out of the total positive cases in the sample. Specificity, defined as Specificity =
Number of True Negative/(Number of True Negative + Number of False Positive), measures the proportion of
negative cases correctly classified (true negative cases) out of the total negative cases in the sample. Sensitivity and
specificity, therefore, assess the model’s ability to correctly identify positive and negative cases, respectively.
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patterns and making predictions that may not be evident through traditional statistical methods.

Results of the supervised machine learning model yielded on average accuracy of 0.668, and

cross-entropy loss of 0.857 on test data which outperformed the alternative logistic regression

model2. Supervised learning models are predictive models that have been trained with data for

which the correct answers are provided. Through this training process, the models improve their

predictive power and learn to make more accurate predictions for similar tasks.

Machine learning procedures show a high level of accuracy in classification tasks. However, prob-

lems of misclassification could arise if the algorithm has not been correctly trained and does not

consider all the possible variations such as in the case of names variations (Brant and Boxall,

2009), or if geographical location as a predictor is not clearly defined among the analysed units.

In that case geographical location of individuals could make little contribution to the model while

age and gender could be more relevant to identify the ethnicity of specific groups (Adjaye et al.,

2014).

7.3 Data and methods

7.3.1 Data

We analysed 22, 064 deaths from the year 2016. The dataset was divided into training and test-

ing datasets, see Figure 7.1. The training data contains 15, 446 deaths from which 14, 420 were

White-Mestizos, 783 Afro-descendants, and 243 were Indigenous. The testing dataset contains

6, 618 deaths, 6, 180; 335; and 103 were White-Mestizos, Afro-descendants, and Indigenous re-

spectively. The available information of the deceased person included the age at death, municipal-

ity and department of residence, place of death such as hospitals, at home, at work, on the street,

etc.; the marital status, cause of death based on International Classification of Diseases, Tenth

Revision (ICD-10), educational level such as primary or secondary school, years of education, and

access to health insurance. Information regarding year of education allows us to differentiate be-

tween persons with the same educational level but with a different number of years of education

completed.

Mortality records began to include ethnic information in the year 2008; however, as shown in

Section 3.3, ethnic information in the initial years presents considerable variability, for which

reason the training data for the model is sourced from the year 2016. This is crucial because the

training dataset, which includes ethnic information, enables the algorithm to "learn" the specific
2The prediction error in machine learning models is commonly quantified using a loss function, with cross-

entropy being one of the most popular options. This function measures the level of "disorder" or uncertainty in
predictions comparing the "loss" associated with the predicted and the estimated distribution. Formally defined as
D = −

∑︁K
k=1 P̂mk log P̂mk, where P̂mk represents the proportion of observations from the kth class (James et al.,

2014, p.312). Cross-entropy loss values range between 0 and 1 and the lower the loss function, the more accurate the
model. If all the observations are from the same class, low cross-entropy measures will indicate low uncertainty and
higher accuracy in predictions. In this context, accuracy is understood as the number of correct predictions divided by
the total number of predictions. Further details about accuracy in machine learning models can be found in Section
7.3.2.
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characteristics of each ethnic group. Subsequently, the algorithm will be able to "recognise" the

ethnicity of an individual when this information is unavailable. Figure 7.1 illustrates the ethnic

identification process with the machine learning algorithm. First, the algorithm uses a training

dataset to "familiarise" itself with ethnic characteristics. Second, the trained algorithm is applied

to a test dataset without ethnic information to assess the model performance in terms of its capacity

to correctly identify the ethnic identity of a deceased person.
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7.3.2 Method

In this analysis, we propose the use of a random forest (RF) model to classify the ethnicity of

deceased people based on information related to the cause of death, geographical location, and

demographic and socioeconomic characteristics of the person. The proposed classification model

is a supervised learning model in which the aim is to devise a method or construct a rule for as-

signing characteristics to one of a set of racial categories on the basis of a vector of variables. The

information on which this rule is to be based is a training dataset with known variables and clas-

sifications through which it estimates the probability that a point or characteristic belonging to a

particular class indicates strength of class membership (Hand and Till, 2001). The Random Forest

model proposed by Breiman (2001) belongs to the class of ensemble machine learning algorithms

(Hastie et al., 2009). Such methods rely on the observation that by taking an average of a set of

weak predictors, we can often outperform other methods based on a single stronger individual

predictor. In the case of a random forest, classification or regression trees are the weak predictors

that make up the ensemble. Such trees work by recursively splitting the training sample based

on covariates, so that each split results in the maximally homogeneous groupings of the sample.

These splits occur in a graph or tree-like structure, with each node in the graph representing a split.

To predict, at each split point it is determined which ’branch’ an observation falls within. At the

terminal point of the tree (the ’leaf node’), regression predictions can be determined by average

value of training observations in the leaf. In the classification tasks, the most frequent class is

taken as the prediction for that observation.

Training a RF involves training a large number of regression tree predictors such that each tree

depends on a random resampling of the data with replacement. The prediction of the RF is simply

the average or modal prediction across the trees in the forest. Figure 7.2 illustrates the decision-

making process of a tree at each node or variable until it reaches a final decision -vote- for one

of the categories under consideration. This method has demonstrated strong performance across

various prediction tasks. For instance, in classifying ethnicity, the RF employs classification trees

that iteratively split the dataset and subsequently predict that each observation belongs to the most

commonly occuring ethnic class among the training observations (James et al., 2013, p.311). In

other words, if Indigenous ethnicity is the most frequent class within a particular leaf node of the

training dataset, then the tree will assign a high probability of belonging to the same ethnic class

to observations in the same node.
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Figure 7.2: Decision Tree Method to Determine Indigenous Ethnicity

Geo. Region

Vote for other ethnicity

Region B

ICD-10

Edu.

Vote for Indigenous

Ed. Class X

Vote for other ethnicity

Ed. Class Y
Cause Q

Vote for other ethnicity.

Cause P

Region A

Figures 7.2 shows the data splits at various nodes: Geo. Region (geographical region), ICD-10

(cause of death from International Classification of Diseases version 10), and Edu (Educational

level). The tree of Figure 7.2 estimates probabilities of a person with specific information regard-

ing region, cause of death, and educational level being Indigenous or not. The estimation of these

probabilities is based on the training dataset. In a RF model, for each node with a tree, the algo-

rithm selects at random m =
√
p variables, where p represents the total number of variables in the

model. A splitting variable is then chosen from among these m variables only, with the criterion

for choice being the homogeneity of the resulting sample groupings created by the split. The RF

grows thousands of trees, with the final ethnicity classification being determined by the average

votes across all trees.

Source: Own elaboration.

Formally, the tree-growing process through random selection of input variables can be presented as

follows: assuming that a trained RF model grows a number of trees 1, 2, ..., k, with each tree char-

acterised by independent and identically distributed (i.i.d.) random vectors Θ1,Θ2, ...,Θk. Each

tree is grown using the training set and the random vector Θk, resulting in a classifier h(X,Θk),

where X represents an input vector (Breiman, 2001). Here, Θk defines the kth random forest

tree in terms of split variables, cutpoints at each node, and terminal-node values (Hastie et al.,

2009, p.598). The mechanism through which all the generated trees collectively vote for the most

popular class is known as the random forest approach.

Breiman (2001, p.6) defines the RF model as a classifier consisting of a collection of tree-structured

classifiers {h(X,Θk), k = 1...} where the {Θk} are i.i.d. random vectors and each tree cast a unit

vote to determine the most popular class at input X. Similarly, Hastie et al. (2009, p.587) de-

fines the RF process as a substantial modification of bagging3 that builds a large collection of

de-correlated trees which are averaged.

The presentation of the RF algorithm in Table 7.1 follows the estimation process outlined by

(Hastie et al., 2009, p.588). Similarly, Figure 7.1 illustrates the general process of machine learn-
3If a single training data set is repeatedly sampled to generate B different bootstrapped training data sets, and an

algorithm is trained on each of the obtained subsets from b = 1 to B to produce different predictions. Then the process
of averaging all the predictions to obtain a more reliable estimate is called bagging (James et al., 2013, p317)
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Table 7.1: Estimation of the Classification Random Forest

1. The process below is repeated for each of the bootstrap samples from b = 1 to B. In
our case, the training datasets were drawn under stratified sampling as well as weighting
sampling

(a) A bootstrap sample Z∗ of size N is taken from the training data
(b) Grow a random forest tree Tb using this sample until the minimum node size nmin is

reached. Trees are grown by repeating the steps below, with each iteration creating a
’node’ in the tree.

i. Select m variables at random from the p total variables of the model, see Figure
7.3. The default value for m in a classification model is m =

√
p.

ii. Determine the best variable split-point among the m variables. Best in this context
refers means the split of the dataset that results in more homogeneous (or pure)
mixtures of classes in the resultant data subsets. For example, it might be deter-
mined that by splitting the dataset into two sections using a specific cutpoint x∗1
for a continuous variable x1, the half of the dataset defined by values of x1 < x∗1
consists entirely of observations of indigenous deaths, while the other contained
no indigenous values - in which case this split would be optimal for predicting
indigenous deaths.

iii. Split the node into two daughter nodes and repeat the two steps above for each of
these daughter nodes until the minimum node size is reached.

2. Output the ensemble of trees {Tb}B1 . From b = 1 to B.
The prediction in the classification model at a new point x will be determined as follow: Let
Cb(x)ˆ be the class prediction of the bth random-forest tree. Then the class prediction of the
RF model will be Ĉ

B
rf = majority vote {Cb̂(x)}B1 .

ing classification. The RF model, as shown in Figure 7.3, is an effective tree-based classification

model. Unlike a single decision tree, RF enhances prediction accuracy by employing multiple de-

cision trees, averaging their decisions, and making final decisions based on the majority of votes

for a predicted class, see Figure 7.3.

The accuracy of the model is given by the margin function (Breiman, 2001, p7):

mg(X,Y) = averagek I(hk(X) = Y)− max
j ̸=Y

averagek I(hk(X) = j) (7.3.1)

Equation 7.3.1 represents the margin function which evaluates a single point (X,Y) in the dataset

distribution by computing the difference between the proportion of votes for the correct class Y
and the maximum proportion of votes for any incorrect class j. The margin function can be con-

ceptualised as a collection of classifiers denoted by hk(X), with I(·) representing the indicator

function that determines the membership of an element to one of the predefined categories. There-

fore, the margin function measures the extent to which the average number of votes at (X,Y) for

the correct class surpasses the average vote for any other class. Specifically, a positive margin

under majority voting indicates correct classification (mg(X,Y) > 0), while a negative margin
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Figure 7.3: Structure of a Random Forest Model

Training Data

Random sampling of variables from the dataset

. . .

Tree 1
Tree 2 Tree n

majority vote for ethnic classification

prediction

Figures 7.3 presents the structure of the RF model. Decision trees are built upside down, and they
are made up of branches (connectors) and leaves (nodes). For every observation that falls into
a specific region or leaf, the algorithm will make a decision based on the mean response values
obtained from the training process from observations within the same leaf node. The red nodes
represent the path how decisions were made until arriving at a terminal node.
Source: Own elaboration.
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signifies incorrect classification (mg(X,Y) < 0) (Breiman and Cutler, 2022, p.9).

The supervised classification is based on a set of objects with known classifications, and estimates

the probability a point belongs to an specific class or group. There are many indicators to compare

the performance of a supervised classification. Two of the most popular approaches are, first, to

measure the misclassification or error rate; second, to estimate the area under the Receiver Oper-

ating Characteristic (ROC) curve. Misclassification rate refers to the proportion of cases that were

classified incorrectly. However, as the cost of misclassification is rarely known (Bradley, 1997,

p1146), "an alternative classification rule is to compare the overall distribution of p̂ over different

values of threshold t for objects in classes 0 and 1, and the area under the ROC curve (AUC) will

measure the difference between these two distributions" (Hand and Till, 2001, p172). The thresh-

old here refers to the value at which the predicted probabilities of belonging to a particular class

are converted to an actual assignment to that class, so that a threshold of 0.3 would mean that a

predicted probability of an observation belonging to class 1 of greater than 0.3 would result in the

model assigning that observation to 1. "Let p̂(x) be the estimated of the probability that an object

with measurement vector x belongs to class 0, let f(p̂) = f(p̂(x)|0) be the probability function

of the estimated probability of belonging to class 0 for class 0 points, and let g(p̂) = g(p̂(x)|1) be

the probability function of the estimated probability of belonging to class 0 for class 1 points. Let

F (p̂) = F (p̂(x)|i = 0) and G(p̂) = G(p̂(x)|i = 1) be the corresponding cumulative distribution

functions. Then the ROC curve is defined as a plot of G(p̂) on the vertical axis, against F (p̂) on

the horizontal axis. Clearly this plot lies in a unit square. A goodclassification rule is reflected

by a ROC curve which lies in the upper left triangle of the square. This follows since any point

above the diagonalcorresponds to a situation in which G(p̂) > F (p̂), so that the class 1 points

have lower estimated probability of belonging to class 0 than do the class 0 points" (Hand and

Till, 2001, p173). The ROC curve can also be understood more intuitively based on considering

that the true positive (TP) values are displayed on the Y axis, and the false positive (FP) values on

the X axis. See Figure 7.4.



7.3. Data and methods 133

Figure 7.4: Assesment of ROC Performance

Figure 7.4 shows the true positive and the false positive rates. The diagonal line represents a

random classifier while the point (x= 0, y = 1) represents the perfect classifier.

Source: (Thoma, Martin, 2018).

Equivalently, the y and x values can also be understood as sensitivity and specificity, where the lat-

ter values are reversed so that the specificity decreases as we move from left to right. Each classifier

defined by a different threshold value t is represented by the point in ROC space corresponding to

its (FP,TP) coordinates, in which the point (0, 1) correspond to the perfect classification and the

diagonal line y = x represents the strategy of randomly guessing the class (Provost and Fawcett,

2001, 207).

The ethnic classification task can be understood as a supervised machine learning problem that

intends to predict a missing variable based on a training dataset in which the missing variable

distribution is well-known. In other words, the objective is to determine the mutually-exclusive

ethnic identity of deceased individuals using a trained algorithm that incorporates information on

epidemiological, geographical, and socio-demographic characteristics, including age, gender, mu-

nicipality of residence, cause of death, educational attainment, and others. Crucially, the random
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forest is able to learn complex non-linear combinations of these variables, and thus is able to take

account of known features of the structure of deceased sample. As demonstrated in Chapters 5

and 6, attributes like age and gender, particularly when analysed alongside causes of death and

other covariates, emerge as potent predictors of ethnicity. For instance, the higher prevalence of

homicides among Afro-descendant men aged between 15 and 35 highlights this correlation. But

because of the ensemble structure, the algorithm does not rely only on these relationships.

For developing an algorithm to identify the ethnicity of Colombian deceased population, we used

ethnic mortality information from 2016 in order to build an algorithm able to learn a represen-

tation of an individual with a specific ethnic identity. This will allow the algorithm to estimate

probabilities that an individual truly belongs to a particular ethnic group given a vector of charac-

teristics. This algorithm however, could be negatively affected by the fact that 90% of the training

data belong to a particular ethnic class, which generates an unbalanced problem (Blagus and Lusa,

2013; Chawla et al., 2002). For this reason, we applied extensions of the RF classification model

in which we solve the unbalance problem in two ways. First, we use a weight factor in order to

over-sample the information from Indigenous and Afro descendant groups. Second, we propose

the use of stratified sampling in order to randomly select the same number of observations from

all ethnic groups. This means that information from the White-Mestizo group was under-sampled

to the level of Indigenous and Afro-descendants. These procedures will equalise the proportion of

individuals from the different ethnic groups in the training dataset, in such a way that the training

data will have a similar level of information from all ethnic classes.

7.4 Results

We run a RF model with two different correction methods for the unbalanced number of individu-

als from White-Mestizo, Afro-descendant, and Indigenous ethnicity in the sample. Figures 7.5 and

7.6 show the effect of correction through sample stratification and weighting methods respectively.

These methods improve the effective ratio of the minority ethnic classes in the training dataset and

avoid possible bias problems due to the disproportionate numbers of one particular ethnic category

in the training data. The results show a slight difference between the RF with stratified sampling

and the RF with weighted sample. In both versions of the RF, the relative proportion of ethnic

minority groups in relation to the White-Mestizos is increased until a more equal representation

of all ethnic groups in the sample is achieved. The triangular graphs are ternary plots that allow

the plotting of observations for which sets of values much sum to one such as class probabilities

predicted by a random forest (see Schöley and Willekens (2017) for other uses in demographic

analysis). Each point in the plot represents a random forest prediction of one observation of the

training data. In these plots, the closer the point to top corner of the triangle, the higher the pre-

dicted probability that the corresponding observation belongs to the Indigenous group. Similarly,

those points close to the left corner are predicted to be more likely to belong to the White-Mestizo

group, and the right corner indicates high predicted probabilities for the Afro-descendant group.

The centre point with coordinates [1/3, 1/3, 1/3] represents equal probability of being assigned to
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any class.

Figure 7.5: Sample Stratification for the Random Forest Model

(a) Without Stratification (b) 30: 3: 1

(c) 3: 3: 1 (d) 1: 1: 1

Figures 7.5a, 7.5b,7.5c, and 7.5d show ternary plots with the ethnic composition of the sample.

Own elaboration.

In Figure 7.6a, the observations are concentrated around the point (1, 0, 0) at the bottom left of
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the graph, indicating that nearly 100% of the data is predicted to belong to the White-Mestizo

class. The contributions from Afro-descendants and Indigenous groups are nearly negligible in

relative terms. As the proportions of Afro-descendants and Indigenous individuals are increased

in the sample through stratified sampling, the predictions shift towards the other corners of the

triangle. Conversely, in Figure 7.6d, the data are centered in the ternary plot at the intersection

point where each ethnic group contributes 33.3% to the sample, summing up to 100%. Figure 7.5a

shows the data without stratification, while Figure 7.5b shows a class ratio of 30 White-Mestizos,

3 Afro-descendants, and 1 Indigenous after stratified sampling. Figure 7.5d showss a balanced

dataset where the numbers of White-Mestizos, Afro-descendants, and Indigenous individuals are

equal, with a ratio of 1:1:1.

The different approaches for correcting data imbalance affect the speed of error convergence for

ethnic classification. Figure 7.7 illustrates the classification error level for each ethnicity using

both the weighted and stratified Random Forest (RF) methods. Initially, the error is nearly 100%
for Indigenous and Afro-descendant groups and 0% for White-Mestizos. However, as the sample

composition becomes more balanced for ethnic minorities, the error converges. The algorithm thus

becomes more adept at identifying the specific patterns of Indigenous and Afro-descendant indi-

viduals given the increased level of information available, while the accuracy for White-Mestizos

decreases as their proportion in the sample diminishes. Consequently, the classification error

significantly decreases for Indigenous and Afro-descendant groups while it increases for White-

Mestizos as their relative proportion in the sample declines.
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Figure 7.6: Sample Weighting for the Random Forest Model

(a) Without Weights (b) 0.1: 100: 1000

(c) 0.01: 10000: 1e+05 (d) 0.001: 1e+06: 1e+06

Figures 7.6a, 7.6b,7.6c and 7.6d show the changes in the ethnic composition of the sample when

different sampling weights are applied. Figure 7.6a shows a sample composition with majority

of White-Mestizo people. The inferior corner on the left of the plot represents the intersection

point of 100% White-Mestizo, 0% Afro-descendants, and 0% Indigenous. Figure 7.6d shows the

most harmonised composition in which the proportion of White-Mestizos, Afro-descendants, and

Indigenous in the sample data is relatively similar.

Own elaboration based on Colombian mortality record data.
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Figure 7.7: Accuracy of Ethnic Classification with Different Class Ratios and Weights

The accuracy of the algorithm in recognising the ethnicity of deceased people improves when

the number of deaths from all ethnic groups is more balanced in the training dataset. Figure

7.7 shows the error for ethnic classification based on sampling from Figures 7.5 and 7.6. The

model without stratification or without weights presents low class error for the White-Mestizos

while Indigenous and Afro-descendants categories have a level of error around 100%. This means

that ethnic recognition for these later groups is completely inaccurate. When sampling weights

and sampling stratification are applied, the classification error decreases for Indigenous and Afro-

descendants groups while increases for White-Mestizos as these methods level up the proportion

of observations for all groups.

Own elaboration based on Colombian mortality record data.
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Figure 7.8 presents the ROC curves for the different ethnic groups. This curve plots the rate of

true positive values against the rate of false positives. The closer the ROC curve gets to the top

left corner of the plot, the better the model does at classifying the data into ethnic categories.

The indigenous group shows higher values of the ROC curve and closer to the point (0, 1) of the

graph. The higher rate of sensitivity of the Indigenous ethnicity at different threshold levels in

both models means that the true positive rate or the proportion of people correctly classified is

higher in this group. White-Mestizos and Afro-descendants show lower ROC curves; however,

at different points in the Weighted RF, the ROC curves present only slightly differences among

ethnic groups. The results in general indicate that the RF model recognises the right ethnicity of

deceased individuals with probabilities higher than 80%.

The Area Under Curve (AUC) score in Figure 7.8 should be understood as indicating the model’s

ability to classify ethnicity correctly. "The AUC is commonly described as the probability that

a random individual from the diseased population is more likely to have a higher predicted risk

than a random individual from the non-diseased population" (Janssens and Martens, 2020, 1401).

Alternatively, it can be interpreted as the expected true positive rate, averaged over all false positive

rates (Flach et al., 2011, p.1). A model whose predictions are 100% correct has an AUC of 1.0 and

vice versa. In the case of the indigenous group, the AUC of 0.864 represents the probability that

a random individual from the indigenous group is more likely to be predicted as Indigenous than

a random person from a non-Indigenous group. This indicates a reasonably high classification

power of the model. Notably, this probability is higher in the Stratified RF model, which has an

AUC of 0.913. Therefore, the probabilities of being classified correctly are higher for Indigenous

individuals compared with other groups. Conversely, the lowest predictive ability is observed for

the Afro-descendant group, with AUC scores of 0.816 and 0.811 for the Weighted and Stratified

RF models, respectively.

The Stratified RF compared to the Weighted RF presents slightly higher AUC scores for ethnic

classification except for the Afro-descendant category. The variables with high importance that

most contribute to correct ethnic classification are the department of residence, age at death, cause

of death, and the municipality of residence. Figure 7.9 shows all the variables used in the model

with their contributions in terms of mean decrease in Gini which measures how much more similar

observations within splits at a node become if we use variable x to split rather than another variable.

In other words, it measures the total decrease in node impurities from splitting on the variable,

averaged over all trees (Nembrini et al., 2018; Han et al., 2016). Therefore, the most important

variables for providing correct ethnic classification will contribute with the largest mean decrease

in Gini.

The most important variable for the RF classification model is the department that makes reference

to the geographical location, and the least important is the place of death of the person (hospital,

home, or other place of death). The contribution of the variable Department is about 5 times

greater than the contribution of the variable Place of Death in both versions of the RF model.



140 Chapter 7. Ethnic Identification in Mortality Records Using a Random Forest Model

Figure 7.8: ROC Curve by Ethnicity

Figure 7.8 presents the ROC curves for ethnic classification. The ROC curve presents the sen-
sitivity of the model (true positive values) plotted against the specificity (false positive values).
The higher values in sensitivity in the Indigenous group (dashed line) means that this group has a
higher rate of correctly classified cases. White-Mestizos (solid line) and Afro-descendants (dotted
line) present lower values of sensitivity at different thresholds. AUC scores for Indigenous and
White-Mestizos are higher in the Stratified RF compared to the alternative model, while Afro-
descendants presents a slightly advantage in the Weighted RF.
Own elaboration based on Colombian mortality record data.

However,the variable Area of Residence has a higher importance in the weighted model than in

the stratified version. In general, the models present very little differences in variable importance

structure. The higher values in the x-axis of the weighted model are due to the effect of weights,

but the relative difference among the variables remain more or less the same in both models.
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Figure 7.9: Variable Importance of the Stratified and Weighted Random Forest Models

Figure 7.9 shows the contribution of each variable in terms of mean decrease in Gini which mea-

sures the rate of incorrect classification. The variable Department in that sense is the information

with the highest contribution to the accurate classification of ethnicity in the Colombian context.

The importance of the contribution from all the variables shows marginal changes between the two

models, but the general order of the variables is very similar. For instance, the five most important

contributors to ethnic classification accuracy are the same in both models, but with slight changes

in the order.

Own elaboration based on Colombian mortality record data.
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7.5 Discussion

The most relevant problem in social research on ethnic minorities is the problem of data quality and

data availability. The outcomes of this research provides a significant contribution in addressing

the limitations of ethnicity data and revealing ethnic identities when this information has not been

collected. The use of experimental methods in mortality analysis such as machine learning models

has shown that the probabilities to correctly identified the ethnic identity of a person are over 80%.

In the Colombian case this probability reaches as high as 90% for the indigenous population.

Indigenous people show higher probabilities of being correctly classified because their charac-

teristics compared to White/Mestizos and Afro-descendants are more particular. This explains

for example, why geographical information about the Department is the most important vari-

able for ethnic classification. Indigenous communities display a higher level of segregation with

clearer borders. Although this phenomenon of segregation exists in Afro-descendant communities

too, there has been a historical migration and urbanisation process of these communities towards

the main cities of the country, so that the relationship between geographical location and Afro-

descendant identity has been blurred over time.

The marginally lower difference in probabilities between White-Mestizos and Afro-descendants

could be attributed to the fact that a significant proportion of Afro-descendant people reside in the

same areas as White-Mestizos. This reduces the effectiveness of geographical location as an ethnic

classifier for these groups while increasing its relevance for the Indigenous population. Similarly,

information about area of residence and municipality plays an important role, likely being more

pertinent for the Indigenous category than for the other groups. Information regarding age at death

and cause of death are also among the main classifiers. This indicates that there are significant

differences in these aspects among ethnic groups.

Information on marital status, education, health insurance, and place of death surprisingly show

lower contributions in ethnic classification compared with other variables. There are important

reasons to believe that among ethnic groups there exist considerable differences in socioeconomic

aspects, but these variables present serious quality problems in the mortality registers and the level

of missingness is relatively high in some ethnic groups. This could be one the reason for the low

predictive power of those variables in the model.

The model presents some limitations in the case of multi-ethnic families as well as the case of

persons located in unusual geographical areas for their ethnicity. In those case, it is highly prob-

able that the model will misclassify the person into the most common ethnicity of the family or

ethnicity of the geographical area. This misclassification error could be reduced if future work can

incorporate information related to names of deceased people as names and surnames of White-

Mestizos, Afro-descendants, and Indigenous people have an specific cultural background that will

allow a higher sensitivity in the model.
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The implications and potential extensions of the ethnic classification model represents a major

contribution to ethnic studies and to the analysis of health inequalities by race and ethnicity, prin-

cipally in countries where such data are not being collected. In Colombia, the outcomes of this

analysis provide directions for new research and the better understanding on social inequalities.

The results also represent an important contribution in terms of solving balanced class problems in

ethnic data, and particularly the reconstruction of historical data that allows the analysis of social

inequality trends over time and the design of more effective social policies.
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CHAPTER 8

Conclusions

8.1 Main findings

A significant outcome of this study is the stark contrasts and inequities observed in mortality

patterns and causes of death among different ethnic groups in Colombia. The principal findings

of this thesis can be summarised into three key aspects where health disparities are noticeable:

mortality under-registration, trends and patterns of mortality and life expectancy, and causes of

death. Additionally, the analysis incorporates machine learning techniques to better understand

the completeness of ethnic information in mortality registers.

The study documented how White-Mestizos, Afro-descendants, and Indigenous are characterised

by regional segregation with considerable social and health inequalities. The poorest regions

of the country inhabited by Afro-descendants and Indigenous groups demonstrate evidence of

poor health indicators. More importantly, the health differences amongst ethnic minorities have

widened over time in recent decades, when compared to White-Mestizos.

In Chapter 4, it was demonstrated that social inequalities and discrimination against Colombian

Indigenous and Afro-descendant communities during the lifetime will persist even after death in

the form of higher mortality under-registration compared to White-Mestizos. Deaths among eth-

nic minority groups are registered at lower rates, with under-registration levels particularly pro-

nounced among children, individuals with lower education levels, and residents of rural areas. The

findings highlight that the age, gender, and educational level of the head of household play a sig-

145
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nificant role in the determining the level of under-registration of deaths. Children born in the In-

digenous rural communities whose parents are relatively young adults with lower education are at

highest risk to be non-registered upon death. The results indicate that ethnic minorities contribute

in larger proportions to the total number of unregistered deaths, attributed to factors including the

disadvantages living in remote areas, cultural differences in terms of language restrictions, social

discrimination, lack of importance attached for death registration, and evidently socioeconomic

differences and the absence of the State in regions with higher proportions of ethnic minorities.

In addition to the above, the study found an inverse relationship between Under-registration and

age at death which is partly explained by a “wealth effect”. This works in the form of incentives

for registering death at older ages when inheritance and monetary compensation takes precedence.

Individual socioeconomic differences determine either better or worst chances to be registered

after death. The problem of mortality underestimation is much more complex in Indigenous com-

pared with Afro-descendant communities. However, the biased mortality statistics in both groups

represent a major barrier to measure and quantify ethnic mortality inequalities in Colombia.

In Chapter 5, the varying patterns of mortality differences by age, sex and ethnicity where inves-

tigated. According to Colombian official vital statistics, White-Mestizos show higher mortality

and lower life expectancy when compared to those for Indigenous and Afro-descendants groups.

However, this study has shown that the situation reverses when mortality data are corrected for

under-registration. Life expectancy at birth for Indigenous is 66.7 years, for Afro-descendants

71.5, and for White-Mestizos 78.9 years. White-Mestizos live on average 12.2, and 7.4 years

longer than Indigenous and Afro-descendants respectively. The higher mortality in ethnic mi-

nority groups is consistent whether it is estimated using census mortality data or with corrected

mortality registers: both datasets show similar results. Additionally, the dispersion of the age of

death in ethnic groups have a higher variance across all ages, while age of death in White-Mestizos

is concentrated in the older age groups.

Chapter 5 also revealed that life expectancy inequalities for Indigenous and Afro-descendants

have their roots across different periods of the lifecycle. In the case of Indigenous, the differences

begin in childhood, while in Afro-descendant the differences are concentrated amongst children

and young adults. The findings confirm that for the period 2008-2019, the differences in mortality

rates between White-Mestizos and Indigenous have moderately increased, whereas that for White-

Mestizos and Afro-descendants shows a considerable reduction of the mortality gap. However, the

results for Afro-descendants should be interpreted with precaution as mortality data from Afro-

Colombians were under-estimated in both the 2018 Census and mortality records.

In addition to estimating mortality differences among ethnic groups, in Chapter 6 the underlying

causes of death were analysed. Three clear patterns based on cause of death, age, and ethnicity

were identified. The first is related to the White-Mestizo population, in which the main causes of

death are degenerative diseases such as cardiovascular diseases and Cancer, as well as respiratory

diseases. The age group most affected is the population at older ages, where the majority of the
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deaths by these causes occur. The second pattern is related to Afro-descendants, and combines a

very high mortality of young men between age 15 and 40, principally by homicide, with increased

deaths of older people attributed to degenerative diseases. Deaths of Afro-descendants, therefore,

present a bimodal distribution with high mortality at young and older ages. Mortality trends from

this groups show considerable improvements between 2016 and 2019. However, this could be

related to mortality underestimation and data quality problems. The epidemiological patterns

among the Indigenous group on the other hand, present a high mortality in newborns and children

compared with death at other ages. Likewise, the Indigenous group shows the highest proportion

of deaths among women of reproductive age due to causes linked to pregnancy, childbirth, and

puerperium. However, the causes of death more common in this ethnic group are primarily specific

causes during the perinatal period, and nutritional deficiencies in the case of children, and in

groups at older ages, circulatory diseases, cancer, and respiratory diseases are the most common

causes of death.

The study found that health differences among Colombian ethnic groups in terms of causes and age

at death are similar to differences when comparing rich and poor countries. The epidemiological

profile of the White-Mestizo group is consistent with the global mortality transition in which

infectious diseases and preventable deaths have been relatively low, while ethnic minorities lag far

behind with a higher proportion of deaths in children and young population.

Finally, in Chapter 7, it was shown that the polarisation and the profound differences among

ethnic groups related to health and social conditions paradoxically offer the opportunity to improve

ethnic identification and data completeness in mortality registers when the ethnic identities of the

deceased are missing. The study found that using information from mortality records, it is possible

to ascribe ethnicity correctly with probabilities ranging between 80% and 90%.

8.2 Key contributions

The findings of this study represent key contributions in population health studies of ethnic groups

in the Latin American region. It is the first analysis of its kind comparing different ethnic cat-

egories introduced in the Colombian mortality registers since 2008. The analysis of mortality

inequalities taking into account of the measurement and estimation issues is vital to addressing the

extent of health inequalities in the region, and the findings of this thesis contribute to the literature

on demographic transition in Afro-descendants and Indigenous populations.

The study makes an important contribution in terms of understanding the ethnic bias in demo-

graphic data. More importantly, the application of correction methods enabled reliable estimations

of life expectancy and mortality trends of Colombian ethnic minority groups, suggesting similar

application of the methodology elsewhere in the region and in countries with high proportion of

ethnic populations. The present study further contributes to the epidemiological characterisation

of the ethnic population in terms of the most common disease patterns and causes of death. In the
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Colombian context, the findings clearly highlight the dominant influence of homicide as one of the

leading causes of death in the country, and the most affected by violence are the Afro-descendants.

In terms of contributions to research methodology, the present study undertook an experimental

interdisciplinary approach which considered machine learning application to identify ethnic back-

grounds of deceased population. Relevant population parameters such as age, gender, geographic

location and causes of death were used to identify the ethnicity of the person, where appropriate

weighting cases to ensure that the random forest algorithm was not biased towards correctly pre-

dicting the most prevalent ethnic group. The findings yielded useful insights by identifying the

ethnicity correctly, as high as 90% with the highest percentages for Indigenous people and the

lowest for Afro-descendants. The ethnic identification method represents thus a key contribution

to determine ethnicity in multi-ethnic societies such as Colombia, in the absence of ethnicity data.

By reconstructing the ethnic variable, we can design effective health and social policies interven-

tions targeting marginalised ethnic groups.

8.3 Understanding findings through a theoretical lens

The differences in lifespan and causes of death among ethnic groups in Colombia were anticipated,

given the evident socioeconomic inequalities among these populations. Such disparities have often

been attributed to factors such as migration, poverty, or cultural background in other multiethnic

countries. However, racism and ethnic discrimination are frequently overlooked as significant

determinants of lifespan inequalities. It is crucial to recognise that both socioeconomic differences

and health and mortality inequalities are rooted in the same structural causes, namely racism and

discrimination.

Unlike other multiethnic regions such as Europe or North America, where ethnic diversity has

arisen due to modern migration intertwined with xenophobia and racism, Colombian society has

constructed racism differently. In Colombia, ethnic groups are considered locals and nationals.

Nonetheless, the level of discrimination is influenced by a colonial background, where Indigenous

and Afro-descendant people are perceived as having a lower social status and, more than that,

are seen as individuals who do not deserve the same dignity as White-Mestizo members. This

phenomenon often occurs unconsciously as implicit bias, where interactions with Indigenous and

Afro-descendant people may be less cordial when they demand services and attention in restau-

rants, banks, etc. In other cases, the bias is more conscious. For instance, the first Afro-descendant

vice president of the country has been harshly criticised for using private flights and national se-

curity services, which have historically been reserved for White-Mestizo vice presidents.

The post-colonial society in Colombia, characterised by clear privileges for White-Mestizos and

disadvantages for Indigenous and Afro-descendant groups, has led to profound racial inequities.

For example, areas predominantly inhabited by White-Mestizos receive more attention from the

central government, resulting in significant developmental differences. In contrast, Indigenous
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and Afro-descendant populations are marginalised in poorer areas, posing serious challenges to

accessing education, the labor market, and healthcare. The disadvantages in life expectancy among

ethnic groups are directly related to these limitations in access to better living conditions and

healthcare, which is evident when examining the causes of death. However, common causes

of death, such as infections among Indigenous people and homicides among Afro-descendants,

are often perceived as confirming racial stereotypesIndigenous people as unhygienic and Afro-

descendants as prone to violence.

If differing living conditions among White-Mestizos, Indigenous, and Afro-descendant popula-

tions explain the varying epidemiological profiles among these groups, then the socioeconomic

status model could account for the health disadvantages of Indigenous and Afro-descendant peo-

ple. However, this model does not explain why the "free" market systematically leaves the same

ethnic groups as winners and losers. Therefore, health ethnic inequities in Colombian society

cannot be solely explained by socioeconomic factors; a deeper mechanism must be considered.

The existence of a social system of racism, in which both socioeconomic differences and health

inequalities are generated, represents a more plausible explanation. Racism against Indigenous

and Afro-descendant populations causes market distortions due to private allocation of resources

and governmental neglect in public policy design. Consequently, economic and health inequalities

in the Colombian context are produced by the same structure of colonial racism. Furthermore, the

effects of racism and discrimination extend beyond socioeconomic factors to influence health out-

comes and mortality patterns. Minority ethnic groups may experience higher rates of preventable

diseases, and increased exposure to environmental hazards, all of which contribute to disparities

in life expectancy and mortality rates.

Addressing these inequities requires acknowledging the role of racism and discrimination in shap-

ing social and health outcomes and implementing policies and interventions aimed at dismantling

systemic barriers and promoting equity for all ethnic groups.

8.4 Strengths and limitations

The present study is the first comprehensive research to address ethnic health inequalities at na-

tional level in Colombia. It employed census reported deaths and mortality records which are the

most largest and complete datasets in the country. The study is therefore representative of the eth-

nic diversity in Colombia. The findings could be easily generalised and replicated in other areas of

the Latin American region with similar ethnic composition, cultural characteristics and socioeco-

nomic conditions because the study applied robust demographic estimation techniques that have

been validated in similar contexts. The findings offer thus explanations about the complex mecha-

nisms that determine the true representation of ethnic groups by quantifying the dimension of the

ethnic gap in Colombia.
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While population-level data from census and mortality records offer valuable insights, they also

come with several limitations. First, the 2018 Census underestimated the Afro-descendant pop-

ulation due to coverage issues, making comparisons between Afro-descendant and other ethnic

groups challenging due to under-representation. Second, the observed differences in lifespan

and mortality are more pronounced between Indigenous and White-Mestizo groups compared to

Afro-descendants and White-Mestizos. Although ethnic disparities for Afro-descendants are still

evident, they could have been minimised in some cases which masked the mortality gap when

comparing White-Mestizos and Afro-descendants. This phenomenon may be attributed to the se-

rious censal omission in regions where Afro-descendants were not interviewed, while in other

regions, Afro-descendants may have been categorised as White-Mestizos, a practice known as

blanqueamiento [Whitening]. Censal omission poses a significant risk of bias in mortality pat-

terns among Afro-descendants, particularly in age, gender, and causes of death if the omitted

population differs structurally from those counted in the census. However, this scenario seems

less likely due to the social homogeneity of ethnic groups in the country.

Another notable limitation of this study is its inability to assess the influence of the Colombian

internal conflict on demographic patterns and its effect on mortality under-registration among

Afro-descendant and Indigenous populations. It is conceivable that mortality under-registration

is heightened in conflict-affected areas, potentially resulting in an incomplete recording of deaths

and their associated causes. Furthermore, while censuses offer broader coverage, they do not

capture data on causes of death, rendering the number of conflict-related deaths unknown. Despite

efforts to correct for under-registration, estimates may still be affected by underestimated mortality

rates. Nonetheless, the mortality patterns observed within ethnic populations and the distribution

of causes of death among ethnicities are derived from national population data and reflect the

genuine conditions faced by marginalised groups in the country.

Finally, the use of machine learning methods for ethnic recognition, although representing a

promising tool for improving data quality, still necessitates careful considerations regarding racial

bias inherent in training datasets, as well as the oversimplification of the complexity of ethnic iden-

tities into average or "modal" characteristics. Even when utilising images and names for ethnic

ascription, inter-ethnic similarities and the presence of multi-ethnic families introduce significant

biases and political considerations. While machine learning methods hold potential for various

applications, their use in ethnic recognition should be approached with caution. Additionally,

when mortality registers are unavailable, imputing the ethnicity of the head of the household to re-

ported deceased persons in census surveys can serve as a reliable method for ethnic identification

in homogeneous populations. However, this approach may introduce racial bias in multi-ethnic

families. Addressing these challenges requires not only technical advancements but also careful

attention to ethical, social, and legal implications.
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8.5 Policy recommendations

Data quality presents a significant challenge for the analysis of health and mortality inequalities

among ethnic groups. Skin colour, race, and ethnicity are three categories that are often used

to identify ethnic populations. However, all three indicators are sensitive and subject to potential

reporting bias. Incomplete and missing data about the different racial and ethnic categories make it

difficult to properly compare ethnic groups over time. Ethnicity classification is often determined

by sociocultural attributes and economic conditions.

The findings of this study point out the dire need to collect quality racial and ethnic information.

Data on ethnicity and race should be compared with other indicators such as skin colour. Self-

reported ethnicity does not always capture the way people could be classified; moreover, racism

and discrimination fundamentally depend on others’ perception. In that sense, skin colour is a

piece of central information to understand changes in reported ethnicity. Skin colours palletes 1

have been used in different countries in order to collect information about skin colour, in which

interviewees or family members for the case of deceased people, can report the skin tone or a racial

category based on the cultural understanding of colour such as Moreno, Trigueño, White, etc.

Second, surveys and census could use flash cards or images to help respondents identify their race

including their family members and those deceased. This will allow researchers to differentiate

persons with the same skin colour but from different groups. Third, the questions about ethnic

identities should be open ended in the Colombian context allowing multiple answers, so more

than one ethnicity can be chosen both within households and for individuals. A large majority

of households are made up of parents of different racial and ethnic backgrounds which creates

a multi-ethnic identity in descendant members. This could create a problem of inconsistency of

ethnic identities if persons have to choose only one of their identities but they use a different

identity at different ages and in different surveys.

Collecting information about skin color, race, and ethnicity would mitigate the problem of blan-

queamiento, wherein the ethnic identity of Afro-descendants and Indigenous individuals is in-

accurately recorded as White-Mestizo, thus perpetuating racial bias. Comprehensive data col-

lection would enable researchers to measure, for instance, the proportion of people who report

a "White-Mestizo" identity regardless of their skin color. It is crucial to recognise that the ef-

fects of racism and discrimination are not contingent upon self-reported ethnic identities. Even

if an Afro-descendant or Indigenous individual reports a White-Mestizo identity, this does not

"absolve" them from experiencing racism and discrimination. Therefore, additional information

about race and ethnicity will empower researchers to investigate whether variations in health and

mortality patterns among racial and ethnic groups are attributable to changes in the number of
1Previous studies analysed racial discrimination by measuring skin colours using a scale of skin tones in the US

(Gullickson2005, 2005; Keith and Herring, 1991) and in some Latin American Countries (Telles et al., 2015). The
skin-colour palette used in the Latin American region can be viewed at http://perla.princeton.edu/surv
eys/perla-color-palette. Other studies in Puerto Rico and Brazil employed proxy variables to measure skin
colours (Guimarães, 2012; Gravlee, 2005)

http://perla.princeton.edu/surveys/perla-color-palette
http://perla.princeton.edu/surveys/perla-color-palette
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people classifying themselves within a particular group or to changes in the social environment

and living conditions of groups with specific ethnic identities. This approach allows for a more

nuanced understanding of the intersection between identity and the structural impacts of racism

and discrimination.

Likewise, in order to improve data collection and registration completeness from ethnic minority

groups, it is important to adapt the registration system to the social context of Afro-descendants

and Indigenous communities. That is, the registration of vital statistics should also consider lan-

guage, cultural differences, and geographical access to ethnic communities with the aim of reduc-

ing the barriers for registration.

In terms of mortality and causes of death, the present study directs special attention to children and

young population of Indigenous and Afro-descendants communities. It is fundamental to design

social programmes aimed at these two age-groups, including nulliparous women at reproductive

age in order to mitigate the high mortality during the perinatal period due to infectious diseases,

nutritional deficiencies and violence/homicide. Equally important is the need to compare data

from other sources including registration of deaths by nurses, midwives and other community

health workers working in Indigenous and Afro-descendant communities.

8.6 Future research

Future research should examine the specific reasons underlying the non-registration of deaths in

Indigenous and Afro-descendants communities. It is therefore necessary to investigate the extent

to which this non-registration could be determined by “barriers” in the registration system, such as

the lack of access to registration offices especially in remote regions where administrative systems

are fragmented or dysfunctional due to poor resources. Alongside, more systematic efforts are

required to monitor and record deaths and related relevant data in regions affected by conflict and

illegal activities including alcohol or drug abuse. It is important to understand the individual and

contextual barriers associated with under reporting of deaths and their causes.

The reasons for abrupt decrease in homicide attributed mortality levels of Afro-descendents. It

is unclear if the decrease in registered deaths is due to ethnicity misclassification and registration

bias, or due to changes in the number of homicides in young Afro-descendant men. In some years

of the period, the number of homicides registered as White-Mestizos is three times higher than

those for Afro-descendants especially in regions where Afro-descendants represent over 80% of

the total population. In other cases, deaths of Afro-descendants decreased to zero while White-

Mestizo deaths increased. Future research should examine and explain these unusual patterns and

trends in ethnic mortality.

The machine learning application of ethnic classification model yielded between 80% and 90%
of deaths which were correctly classified. However, future improvements of the model should
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consider the use of names and surnames as input variables. The use of personal names could

increase the percentage of correctly classified cases as name patterns are closely related to the

cultural ethnic background of Afro-descendants and Indigenous populations.

Future research could consider a mixed methods approach to understand and validate the dynamics

of ethnicity classification in Colombia, and further understand the contextual factors and barriers

determining reporting of deaths and associated causes.
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APPENDIX A

Variables of Death Certificates

A.1 Death Certificate Issued from 1980 to 1991

Death certificates from 1980 to 1991 have 1, 758, 625 registers (25% of the total deaths). This

certificate included 15 variables, as follows:

• Variable 1: Province where the death occurred

• Variable 2: Municipality where the death occurred

• Variable 3: Area where the death occurred (1 = urban, 2 = rural, 3 = no information).

• Variable 4: Month when the death occurred

• Variable 5: Year when the death occurred

• Variable 6: Sex (1 = male, 2 = female)

• Variable 7: Age-group of death (1 = less than one day, 2 = between 1 and 6 days, 3 =

between 7 and 29 days, 4 = between 1 and 5 months, 5 = between 6 and 11 months, 6 = one

year, 7 = between 2 and 4 years, 8 = between 5 and 9 years....23 = between 80 and 84 years,

24 = more than 85 years, 25=unknown
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• Variable 8: Age of death, single age

• Variable 9: Marital status (1 = single, 2 = married, 3 = widowed, 4 = cohabitation, divorced,

other, 5 = no information)

• Variable 10: Province of permanent residence of the deceased person

• Variable 11: Municipality of permanent residence of the deceased person

• Variable 12: Place of death (1 = hospital or clinic, 2 = home, 3 = other, 4 = no information

• Variable 13: Main cause of death (according to ICD-9)

• Variable 14: Person who certify the death 1 = family doctor, 2 = other doctor, 3 = no

certified)

• Variable 15: Cause of death (according to the list 105 Colombia ).

A.2 Death Certificate Issued from 1992 to 1996

Death certificate issued from 1992 to 1996 contains 18 variables and 848, 360 registers (12% of

the total deaths). three new variables were added to the former certificate:

• Variable 16: Time of residence in the municipality where the death occurred (1 = less than

one day, 2 = between 1 and 6 days, 3 = between 7 and 29 days, 4 = between 1 and 5 months,

5 = between 6 and 11 months, 6 = unknown, 7 = more than 1 year)

• Variable 17: Area of permanent residence of the deceased person (1 = urban, 2 = rural, 3 =

no information)

• Variable 18: Age group (1 = < 1 year, 2 = 1-4 years, 3 = 5-14 years, 4 = 15-44 years, 5 =

45-64 years, 6 = 65+, 7 = unknown.

A.3 Death Certificate Issued in 1997

Death certificate from 1997 onwards included a new variable, and 170, 753 registers (3% of the

total deaths):

• Variable 19:Kind of death (1 = natural death, 2 = by external causes, 3 = in process to be

determined.
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A.4 Death Certificate Issued from 1998 to 2000

Thirty new variables were added to the mortality registration form and 546, 348 (8%) deaths were

registered during this period.

• Variable 20: Kind of death 2 (1 = fetal death, 2 = non-fetal death)

• Variable 21: Hospital/clinic reference code

• Variable 22: Hospital/clinic name

• Variable 23:Educational level of the deceased person (1 = preschool, 2 = primary school

incomplete, 3 = primary school complete, 4 = Secondary school complete, 5 = secondary

school incomplete, 6 = university education complete, 7 = university education incomplete,

8 = no formal education, 9 = no information)

• Variable 24: Social insurance of the deceased person (1 = contributor scheme, 2 = subsi-

dized scheme, 3 = affiliated, 4 = non-affiliated, 5 = no information)

• Variable 25:country of residence of the deceased person

• Variable 26: Childbirth-related death (1 = before childbirth, 2 = during childbirth, 3 = after

childbirth, 4 = ignored, 5 = no information)

• Variable 27: Type of childbirth (1 = spontaneous, 2 = cesarean, 3 = ignored, 4 = no infor-

mation)

• Variable 28: Type of pregnancy (1 = simple, 2 = multiple, 3 = no information)

• Variable 29: Gestation time (1 = < 20 weeks, 2 = 20-27 weeks, 3 = 28+ weeks, 4 = ignored,

5 = no information)

• Variable 30: weight, weigh in grams of the deceased newborn

• Variable 31:Age of the mother of the deceased newborn

• Variable 32: Number of live births of the mother

• variable 33: Number of stillborn of the mother, including the current deceased newborn

• Variable 34: Marital status of the mother ((1 = single, 2 = married, 3 = widowed, 4 =

cohabitation, divorced, other, 5 = no information)
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• Variable 35: Educational level of the mother (1 = preschool, 2 = primary school incom-

plete, 3 = primary school complete, 4 = Secondary school complete, 5 = secondary school

incomplete, 6 = university education complete, 7 = university education incomplete, 8 = no

formal education, 9 = no information)

• Variable 36: Pregnancy in deceased women (1 = if the woman was pregnant, 2 = no preg-

nant, 3 = no information)

• Variable 37: Pregnancy in the last week before death (1 = if the woman was pregnant one

week before death, 2 = if she was not pregnant, 3 = no information)

• Variable 38: Pregnancy in the last month before death (1 = if the woman was pregnant one

month before death, 2 = if she was not pregnant, 3 = no information)

• Variable 39: Kind of external cause of death (1 = suicide, 2 = homicide, 3 = traffic accident,

4 = other accidents, 5 = in process to be determined, 6 = no information)

• Variable 40: Province where the external cause occurred

• Variable 41: Municipality where the external cause occurred

• Variable 42: Mean by which the caused of death was determined (1 = necropsy, 2 = medical

history, 3 = laboratory test, 4 = through family or friends, 5 = no information)

• Variable 43: Medical assistance before death (1 = there was medical assistance, 2 = there

was not medical assistance, 3 = ignored information, 4 = no information)

• Variable 44: Direct cause of death according to ICD-10

• Variable 45:Related cause 1 of death according to ICD-10

• Variable 46: Related cause 2 of death according to ICD-10

• Variable 47: Related cause 3 of death according to ICD-10

• Variable 48: Other important pathological conditions according to ICD-10

• Variable 49: Group of causes of death according to the list 6/67 of the Pan American Health

Organisation (PAHO) / World Health Organisation (WHO)
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A.5 Death Certificate Issued from 2001 to 2007

In this period 1, 340, 601 (19% of the total deaths) deaths were registered, and five additional

questions were added, but they were discontinued in the year 2008

• Variable 49a: Date of birth of the deceased person.

• Variable 49b: Number of weeks of pregnancy

• Variable 49c: Number of weeks of the gestational pregnancy: 1 = less than 22 weeks, 2 =

between 22 and 27 weeks, 3 = more than 28 weeks, 4 = ignored, 5 = no information

• Variable 49d: Mother’s ID-number’ of the deceased child

• Variable 49e: Date of issue of the death certificate.

A.6 Death Certificate Issued from 2008 to 2018

Death certificate from 2008 to 2018 contains 2, 309, 658 (33% of the total) registered deaths and

67 variables, that means, 18 variables more than the former certificate.

• Variable 50: Place of death (other place)

• Variable 51: Hour in which the death occurred

• Variable 52: Minute in which the death occurred

• Variable 53: Last year of formal education completed

• Variable 54: Work-related death (1 = yes, it is related, 2 = no, it is not related)

• Variable 55: For work-related deaths (1 = accident, 2 = disease)

• Variable 56: Last permanent occupation of the deceased person

• Variable 57: Ethnicity of the deceased person (1 = Indigenous, 2 = ROM (Gipsy), 3 = Black

of the Colombian Caribbean islands, 4 = Black of San Basilio Town, 5 = Black, Mulatto,

Afro-descendant, 6 = Non-ethnic)

• Variable 58: Type of health insurance company

• Variable 59: Name of the health insurance company
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• Variable 60: For newborn deaths, last year of education completed of the mother

• Variable 61:Means by which the cause of death was determined (A = autopsy, B = medical

history, C = laboratory test, D = through family or friends, E = no information)

• Variable 62: Second direct cause of death according to ICD-10

• Variable 63: Related cause 4 of death according to ICD-10

• Variable 64: Related cause 5 of death according to ICD-10

• Variable 65: Related cause 6 of death according to ICD-10

• Variable 66: Other pathological conditions 2 according to ICD-10

• Variable 67: Occupation of the person who certified the death (1 = physician, 2 = nurse, 3

= nursing assistant, 4 = health promoter, 5 = civil registry official)

The use of the datasets was approved by the Ethics and Research Governance of the University of

Southampton.
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Figure B.1: Colombian Census 2018, Question for Collection of Ethnic Information
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Figure B.2: Colombian Census 2018, Question for Collection of Mortality Information
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