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Armed conflict is a major cause of injury and death worldwide, posing a significant
public health problem. In addition to mortality directly resulting from violence, armed conflicts
indirectly cause morbidity and mortality through destruction of health infrastructure and
diversion of resources, forced displacement, environmental damage to water/sanitation access,
and erosion of social and economic security. Colombia’s internal armed conflict began in the
1940s and was uniquely long-lasting, fractious, and geographically dynamic. By leveraging the
spatial and temporal heterogeneity of Colombia’s armed conflict, this study examines the spatial
trends in violence (Aim 1) and estimates the impact of armed conflict on infant and child

survival (Aim 3).
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AIM 1

Spatial Analysis of Homicide and Armed Conflict in Colombia, 1990-2019

INTRODUCTION

Countries that have recently ended armed conflicts tend to experience a precarious period of post-
conflict. In particular, internal armed conflicts (such as civil wars) fracture societies, weaken institutions,
and may increase citizens’ tolerance for violence in general.* Following a resolution or end to hostilities,
state investment in humanitarian and restorative efforts, social unification, and institutional capacity are
required to unify populations politically and (re-)instate institutional presence in areas affected by armed
conflict, otherwise it is easy for fragile states to backslide into re-activating conflicts.? Interpersonal
violence is an outcome with many drivers at the individual, community, and ecological levels; there are
known structural causes of violence, including political, economic, social factors.®* Spatial variation in
violent death can be due to migration, changes in policy or jurisdictions, physical environment, or social
features.® Temporal variation in violent death can be from economic changes, upheaval, changes in policy
or law enforcement. Research on clusters of violence has increased lately because understanding
geographical features of violence helps guide violence prevention and control.®” Most studies of the
spatial distribution of violence and crime have focused on Western countries.®

Colombia, a middle-income country of 55 million people, has coast lines along both the Pacific
Ocean and Caribbean Sea, and connects Central America to South America via its border with Panama.
Colombia also shares a very long and active border with Venezuela to the east, and borders Ecuador,

Peru, and Brazil to the south. Colombia has experienced over 6 decades of internal armed conflict which



has killed over 270,000 people.® While Colombia’s armed conflict does not involve other states, it is also
not a civil war, because there are multiple armed groups fighting the state and each other for different
objectives.’® One hallmark of Colombia’s conflict is the dynamic spatiotemporal distribution of violence:
armed guerrilla groups mostly concentrated in rural areas with geostrategic territorial features, with
considerable movement over time.'>'2 The Colombian conflict was deadliest in the 1990s, due to the rise
of narco-trafficking and mobilization of paramilitaries in the 1980s.13!* Between 1997-2002, there was a
marked increase of violent deaths in rural, but not urban, areas in Colombia; a spatial analysis observed
that the intensity of violence in rural areas during this time was associated with lower levels of poverty
and higher levels of commercial agriculture in the affected municipalities, suggestive of an association
between conflict intensity and regions rich in exploitable natural resources.!*'? The geographic
heterogeneity of Colombia’s conflict has been a focus of political science studies, which have described
the territorial appeal of rural regions to different actors, such as the presence of illegal economies or
natural resources.!?

Formally, Colombia’s armed conflict ended in 2016 with the signing (and voter approval) of a
peace treaty with the FARC, the most significant armed rebel group. The peace treaty aimed to de-
mobilize the guerrilla group, grant conditional amnesty to former rebels who disarm and admit to any
wrongdoing, and designated some parliamentary seats for a legitimized political party representing FARC
interests.’> However, the FARC is just one of the armed groups fighting the state of Colombia (and each
other), and conflict-related events have escalated in the years since the Peace Treaty.!® Rather than a final
end to the armed conflict, some scholars and policy makers have described the period from 2017-present
as simply another phase in Colombia’s armed conflict.}"8

Homicides are formally defined as fatalities resulting from interpersonal violence between
civilians, whereas armed conflict-related deaths are categorized as either deaths of combatants in the
course of conflict between armed groups, or killings of civilians by armed groups.'!* Armed groups are
traditionally recognized as rebel guerrilla groups, such as the Revolutionary Armed Forces of Colombia

(FARC) in Colombia, but also include organized crime and narco-trafficking groups or cartels. The



United Nations Office on Drug and Crime (UNODC) includes deaths due to organized crime as non-
conflict related intentional homicide, although the distinction is based on formal recognition of the space
where the killing occurred as an active conflict zone.® In practice, it is quite difficult to separate conflict-
and non-conflict related deaths because they can both be results of interpersonal violence.? In Colombia
in particular, the distinction between homicide and armed conflict is blurred for two main reasons: First,
the armed rebel group in Colombia’s armed conflict that began with political ideologies became involved
in international narco-trafficking as a means of fundraising, so some criminal groups are indistinguishable
from guerillas.?* Second, the selective assassinations of civilians by state-supported paramilitary groups
were a defining feature of Colombia’s armed conflict. Paramilitary groups such as the United Self-
Defense Forces of Colombia (AUC) were known to falsely accuse civilians of supporting armed groups,
frequently killing them and their families.?? In March 2022, it emerged that Colombian paramilitary
groups killed 6,402 civilians and falsely reported them as combatants, so-called “false positives”.?®
Because of the difficulties disentangling homicide and armed conflict-related deaths, this dissertation will
use the terms ‘interpersonal violence’ and ‘violent deaths’ to capture homicides and conflict-related
deaths, excluding self-inflicted harm (suicide).

While the Americas region overall exhibits some of the highest homicide rates in the world,
Colombia’s rates of violent death are particularly striking.?#?* Colombia’s annual homicide rate was
higher than that of any other country from 1990-1993, averaging 80 per 100,000 in that period.? The rate
slowly decreased over time since 2003, to an all-time low in 2019, but crept back up beginning in 2020
with increased assassinations of community leaders.*? Latin America has been characterized as a violent
region, with explanations ranging from socioeconomic inequality including land inequality, political
instability, structural violence, youth disenfranchisement, and institutional capacity.?® But among Latin
American countries with common histories and similar levels of socioeconomic inequality, Colombia
stands out with one of the highest homicide rates.

Some studies on spatial distribution of homicides in Colombia have been conducted: Vallejo et al.

2018 studied urban vs rural homicides in Colombia from 1992-2015, Sandoval (2018) studied socio-



economic determinants of spatial patterns in homicide from 2000-2010, and Castilla and Salas (2008)
created detailed maps and discussions of violent deaths over Colombia from 1992-2005, including both
homicides and conflict-related deaths.*?32° The report by Castilla and Salas contextualizes the
spatiotemporal trends with historical and ecological information, but traces only crude homicide rates by
municipality and department, without any estimation or spatial smoothing methods. Urdinola et al. (2017)
applied Bayesian and small-area estimation methods to homicides in Colombia from 1990-2009. While
both studies tracked the dynamics of the armed conflict in Colombia coinciding with the homicidal trends,
the present study is one of the first to quantitatively track the armed conflict in parallel with homicide
rates. Additionally, the present study extends past the 2016 peace process through 2019, providing
additional information on the dynamics of violent death by including 3 years post- formal resolution to
the conflict. Nevertheless, the analyses by Vallejo et al. provide important evidence on the blurry line
between homicides and conflict-related deaths, and Urdinola et al additionally analyze the degree of
under-registration of deaths in Colombia’s official records at the municipality level >0

In urban areas of Colombia, the rise of narco-trafficking in the 1980’s led to increased activity of
urban drug cartels, associated with an urban homicide rate that peaked in 1992, and progressively
decreased through that decade.®! In contrast to other parts of the world where deaths due to criminal
homicide outweigh those due to conflict, even in countries experiencing armed conflict, Vallejo et al.
found that, coinciding with the dynamics of Colombia’s armed conflict, there were more homicides in
rural areas than in urban areas in each year from 1993-2014.% The urban/rural disparity is also reflected
in victimization surveys, which recently estimated that 25% of Colombians living in urban Bogoté and
nearly 66% of Colombians in the rural Amazonia-Orinoquia region were victims of the armed conflict.2

One reason for homicide rates to increase in a post-conflict period is simply that they are better
reported in a time when there is theoretically more institutional stability/presence. Indeed, data collection
face a number of challenges when armed conflict is present. Data on conflict-related incidents and deaths
are almost always incomplete and under-reported, with non-random patterns of missingness.® Research

on the topic has shown that armed conflict events are a more reliable indicator than armed conflict



fatalities.®** In this study we apply spatial and non-spatial smoothing models to homicide and armed
conflict trends to trace the spatial patterns of violence in Colombia. We identify ‘hot spots’ or clusters of
violence that change over time, which may reflect the influence of armed groups’ expansion or seizure of
land, strategic interest in extractable resources, and certain policies or state responses to conflict
dynamics.133¢

In this study we describe the spatial trends of armed conflict and homicide in Colombia from
1990-2019. The study of violent death is important not just because of its gravity, but also because it is a
specific and fairly well-measured outcome, comparable across different settings, and a relatively reliable
indicator of overall violence.'®3” Understanding how violence is distributed over space or time can shed
light on the underlying determinants of violence, such as migration, organized crime, drug trafficking,
and/or structural determinants like socioeconomic inequality, in addition to providing an ability to assess
the effectiveness of interventions aimed at violence prevention.® These results may be helpful to inform

policy and shape social development prioritization in Colombia.

METHODS

Colombia’s internal political divisions consist of 32 departments, analogous to US states, which
are further separated into a total of 1122 municipalities, which are like US counties. The capital, Bogotd,
is an exception as both a department and a municipality. The study period includes all years from 1990
through 2019, which we broke down into 5-year bands for analyses.

Separate analyses were conducted for homicides and armed conflict. Homicide counts were
abstracted from Colombia’s vital statistics registries (managed by DANE).*® In Colombia, every death
resulting from suspected homicide is supposed to undergo an autopsy, with medical examiners listing
causes and contributory causes on a formal death certificate.*® While data quality and death notifications
undoubtedly suffer in the context of acute armed conflict or mass casualty events, or belatedly reported

casualties, DANE’s death registry has been found to be fairly reliable.*® Deaths due to homicides were



identified using Colombia’s Lista 105 death classification system, which has remained consistent over the
study time period. We included as homicides both deaths due to assault, which correspond to ICD-10
(2016 version) codes X85-Y09 and ICD-9 codes E960-E969, as well as deaths due to legal
intervention/operations of war, which correspond to ICD-10 codes Y35-Y36 and ICD-9 codes E970-E978
and E990-E999. Homicide counts were age-standardized for each municipality-year.

Annual population counts for each municipality were also taken from DANE population
estimates based on the 2018 census, and geographic shapefiles were also provided by DANE.*

Armed conflict was measured in counts of conflict events and data were from Colombia’s
National Center for Historic Memory (Centro Nacional de Memoria Histérica, CNMH).*? Conflict data
were updated in June 2022 so that retroactively-reported conflict events through the present were
included. Briefly, the CNMH categorizes conflict events into one of 11 categories, which were all
summed together to create a total conflict event count for each municipality-year in this analysis. The
categories were mutually exclusive; incidents of different categories that occurred simultaneously in the
same area were categorized based on the primary act that was brought to the CNMH.*® Each event could
result in many fatalities, or in no fatalities. The conflict events include: military actions, selective
assassinations, attacks on villages or population centers, terrorist attacks, attacks on infrastructure,
massacres, kidnapping, forced disappearances, recruitment of children, sexual violence, and antipersonnel

mines/unexploded munitions.

Statistical Analyses

A crude standardized mortality rate (SMR) was computed as the ratio of observed to expected
counts of each homicide and conflict events. Expected counts were based on annual national totals of
each, and population standardized for each municipality. Homicides were age-standardized but conflict
events were not standardized by age. SMRs assume a constant homicide rate over each municipality-year,

and that every resident of the municipality is at the same risk of homicide at any given time.
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First, we constructed non-spatial Poisson-Lognormal smoothing models for each 5-year band of
homicides. With i designating each municipality (i =1, 2, .... 1122), we modeled the count of homicides

y; with a Poisson distribution around mean y; (Equation 1)

yi ~ Poisson(u;) ()

Under the proportionality assumption, y; is equal to the product of E;, the expected number of
cases from the indirectly standardized SMRs , and 6;, the relative risk of homicide in municipality i

(Equation 2).3044

pi = E; X 6; (2)

Homicides and conflict events are both rare outcomes, so the variance in each exceeds the mean
count predicted by the statistical models. To address the extra variation, we included a random effect for
each area, allowing the area’s risk to vary on a latent variable. Therefore the non-spatial model

decomposed the following model.*-4

log(p;) =log(Ey) + a+ w; 3

Where a is the intercept or overall risk, and u; represents the non-spatially dependent random
effects, which we specified as independent and identically distributed (11D). This model does not take into
account the distribution of homicide in neighboring municipalities, but smooths estimates so that outliers
are shifted towards the center of the data distribution.

Then we applied an updated version of the spatial Besag-York-Mollié (BYM) model that allows

for better interpretation of spatial effects, called BY M2, which is commonly used in spatial epidemiology
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to predict count outcomes.*” BYM2 models incorporate 11D random effects and also spatial random
effects that incorporate the spatial structure of municipalities (Equation 4). The BYM2 model therefore
includes both normally distributed error terms and a spatial component which is estimated from the
weighted mean of homicide counts in each municipality’s neighboring areas, defined as municipalities
sharing a common border. Because of this, Colombia’s two island municipalities (San Andrés y

Providencia) were excluded from the spatial analyses.

log(u;) = log(Ey) + a+ u; +6; (4)

Where u; and §; are the unstructured and structured main spatial effects, which respectively
account for non-spatially dependent and spatially dependent-variance in ;. The spatially structured
random effects were assigned intrinsically conditional autoregressive prior (ICAR) distributions, and
vague or non-informative priors were specified for the hyper-parameters that describe the variance of the
prior distributions. Posterior distributions for both spatial and non-spatial smoothing models were
estimated with integrated nested Laplace approximations.**

Finally, we applied cluster detection methods to identify areas with likely clusters of homicides.
Using the SaTScan method of drawing centroids drawn from the center of each municipality, we
estimated Moran’s I test of global clustering and Geary’s C test of local clustering to identify clusters, or
homicide ‘hot spots’. We computed both Moran’s I and Geary’s C statistics using both binary weights
and standardized weights.

All analyses of homicides were repeated for armed conflict events.

Analyses were conducted in R using the INLA package.

RESULTS AND DISCUSSION
From 1990 — 2019, homicide and conflict maps generally coincided with the dynamics of

Colombia’s armed conflict. Figure 1.1 shows maps of the observed homicide rate per 100,000 by
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municipality over time, and Figure 1.2 shows the observed counts of armed conflict incidents by
municipality over time. Figures 1.3 and 1.4 depict maps of the non-spatially smoothed estimates of
homicides and armed conflict, respectively. The spatially-smoothed estimates for homicide and armed
conflict are shown in Figures 1.5 and 1.6. When comparing figures of non-spatially smoothed and
spatially-smoothed estimates, the maps appear quite similar. The crude SMR and model estimates for
select municipalities are shown in Table 1.1. Figures comparing SMRs and model-estimated RRs are
shown in Appendix 1.

Areas of most likely (p<0.05) clusters of homicides are highlighted in Figure 1.7, and areas of
most likely armed conflict clusters are shown in Figure 1.8, which also depicts the ‘priority” PDET
municipalities named by the government for targeted investment due to historic presence of armed
conflict. While areas with disproportionately high homicide levels remained consistent over the study
period (Figure 1.7), we observed an abrupt shift in most likely clusters of armed conflict. Armed conflict
clustered in the northern part of the country around the Antioquia department from 1990-2004, and then
in 2005-2009 the armed conflict clusters shifted to the far south of the country, subsequently
concentrating in the southwest corner of the country in 2015-2019 (Figure 1.8). In contrast, homicide
clusters were generally persistent over time in the northwest of the country, including the Uraba,
Northwest Antioquia, and Chocd regions through 2004, then shift south to span Chocé and Valle del
Cauca departments from 2005-2019 (Figure 1.7). In all periods studied, we observed a persistent spike in
homicide risk over the Darién or Uraba region in Colombia’s north, which is an area known for its
violence and criminal trafficking activities.*® Both homicide and armed conflict clusters generally align
with municipalities the Colombian government designated in 2018 for priority investment under PDET
because they were historically affected by armed conflict, or exhibit high levels of ‘multidimensional
poverty’ (shown in red outlines in Figure 1.8).%°

Coefficients from both spatial and non-spatial smoothing models are shown in Table 1.2. In
almost all time periods for both homicides and armed conflict, the total residual variance (o ?) was greater

in the non-spatial model than the spatial model, indicating that at least some of the variance was
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attributable to spatial effects. Taking a closer look at the model coefficients for homicides, we see that
¢ = 0.63 (95% credible interval [CI] 0.52, 0.74) for the time period 1990-1994, indicating that 63% of
the inter-municipal variance in homicides was attributable to spatial autocorrelation in that time period.
The posterior median of ¢ for homicides is similar in 1995-1999, and is then incrementally smaller in
each time period, reaching ¢ =0.46 (95% CI 0.34, 0.58) in 2015-2019. These values suggest that
homicides became more spatially diffuse over time.

Compared to homicides, we observed that slightly less of the variance in armed conflict was
attributable to spatial effects, especially in earlier years (¢ = 0.51; 95% CI 0.40, 0.63 in 1990-1994).
When comparing violence between municipalities, more of the variance in armed conflict is explained by
spatial autocorrelation than the variance in homicides, for all time periods studied except 2015-2019. In
this most recent time period, both homicides and armed conflict shared similar proportions of spatial
dependence (¢p = 0.48; 95% CI 0.35, 0.60 for armed conflict and ¢ = 0.46, 95% CI 0.34, 0.58 for
homicides) (Table 1.2). In other words, spatial variation accounted for about half the total variance of
municipal rates of violence around the national average, for homicides a bit more so than for armed
conflict.

Cluster statistics for Moran’s I and Geary’s C indicating the degrees of spatial clustering of
homicides and armed conflict are shown in Table 1.3. Moran’s I ranges from [-1, 1], with positive values
indicating positive spatial autocorrelation, or clustering. As shown in Table 1.3, I-statistic values
constructed from binary weights range from 0.43 (in 1990-1994) to 0.52 (in 2005-2009) for homicides ,
indicating statistically significant clustering of municipalities with higher homicide rates in all years.
Moran’s I statistic values ranged from 0.48 (in 2015-2019) to 0.61 (in 1995-1999) for conflict events,
indicating moderately stronger, statistically significant clustering of municipalities with high levels of
conflict. Geary’s C statistic, which measures more local clustering, ranges from [0, 2], where values less
than 1 indicate positive spatial correlation. C-statistic estimates from binary weights for homicides ranged
from 0.54 in 1990-1994 to 0.80 in 2010-2014, indicating positive clustering in all years with weaker

magnitude of clustering in more recent years. Similarly, Geary’s C estimates for armed conflict ranged
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from 0.55 in 1995-1999 and in 2015-2019 to 0.66 in 2005-2009, also indicating positive spatial
autocorrelation, with no clear time trend.

The counts of homicides, armed conflict events, SMRs and estimated RRs for selected
municipalities shown in Table 1.1 help explain some of these apparently conflicting results. In 1990-
1994, Colombia’s armed conflict was very active in the Urab4 region (e.g., Apartadé municipality), the
adjacent Darién forest (e.g., Riosucio municipality) and surrounding municipalities in northern Antioquia
(e.g., Tarazd municipality). Large cities like Cali, Bogota, and Buenaventura were less likely to
experience armed conflict events 1990-1994 compared to other areas in that time period. Both Cali and
Buenaventura observed higher than average homicides but fewer than average armed conflict events in all
years. Bogota, the capital, observed fewer than average homicides and fewer than average armed conflict
related incidents in all time periods studied. In contrast, Colombia’s capital city Bogota, as well as rural
areas Apartadd and Taraza showed higher than average armed conflict and homicides in all years.

Some of these municipalities were selected because there was known lack of state presence in
some years due to the armed conflict. For example, San Vicente del Caguén is a rural municipality in
southern Colombia that the then-President declared a de-militarized zone from 1998-2002, and removed
all state actors as a gesture of good will towards peace negotiations.*2 While our time bands divide this
period, we can see that this municipality still observed higher than average homicides and armed conflict
for years except from 1990-1994. On the other hand, Riosucio in the far north of the country is the land
bridge that connects Colombia, and the rest of South America, to Panama, and straddles the Caribbean
Sea and Pacific Ocean. This area is densely forested, and while there is no road connecting Panama to
Colombia (an absence known as the Darién Gap), much illegal trafficking of humans, drugs, and other
goods, as well as coca cultivation is known to occur in this region.?? In our analyses, Riosucio observed
more conflict events than average, but many fewer homicides than average. This may be due to
measurement issues or poor data collection in the area due to low institutional presence. The Tibu
municipality, in Norte de Santander, is located in the northeast of Colombia, on the border with

Venezuela. As shown in Table 1.1, the municipality observed an elevated risk ratio for both homicides
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and armed conflict. The RRs for violence in Tibu are correlated, but appear to diverge in more recent
years, with BYM2 RR=2.03 for homicides and RR=8.45 for armed conflict in 2010-2014, and RR=4.75
for homicides and RR=19.59 for armed conflict in 2015-2019. This municipality has historically fostered
a FARC presence, and is well-supplied with firearms from Venezuela.*® The trend of increasing violence
in Tibu relative to the rest of Colombia coincides temporally with the economic de-stabilization of
Venezuela.®®!

Our findings support the hypothesis that violent deaths tend to cluster spatially. The patterns
shown in Figures 1.1-1.8 indicate that homicides and armed conflict related violence tend to occur in the
same areas. This supports the idea that many homicides may be linked to the armed conflict, either
directly through extrajudicial killings or civilian assassinations, or indirectly through killings linked to
organized crime, drug trafficking, or other illegal activities that tend to occur in areas where armed groups
are or were active, and low institutional capacity.'? Main guerrilla groups of the armed conflict, FARC
and ELN, are fighting for communist/socialist platforms, but are also international groups involved in
narco-trafficking and other illegal activities.> In other words, there is a blurred line between homicide
and armed conflict. Furthermore, state-supported paramilitary groups were responsible for a
disproportionate number of assassinations/homicides in Colombia’s armed conflict, but on the other hand
they also put a stop to illegal activities.>

The distinction between homicides linked to armed groups vs those due to individuals is not clear,
but prior research has shown the relative proportion of each in Colombia has shifted over time. In the
1990’s the mayor of Cali, one of Colombia’s most violent cities, was a Harvard-trained violence
epidemiologist and led several initiatives to understand the causes and distributions of violence in his city.
He found that the majority of violence was due to interpersonal conflicts, rather than armed groups, and
observed that socioeconomic or structural drivers of violence were more salient causes of violence.>* He
then implemented some policies based on his findings and was able to reduce violence in his city. Years
later however, the dynamics appear to have switched with armed groups accounting for over 2/3 of

homicides in Colombia today. The presence and power of armed groups are also linked to socioeconomic
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issues like land inequality, disenfranchisement, and unemployment, but require more upstream
approaches of violence prevention to address.*

Another important trend that coincided with peaks in violent death in Colombia is the role of US
involvement. A lot of Colombia’s problems stem from acute socioeconomic inequality, particularly land
inequality. Many of these inequities are historically entrenched, but were introduced or exacerbated by
US policies. In the 1980s the US and World Bank strongly campaigned for neoliberal structural
adjustment policies, which privatized utilities and exacerbated inequalities.(CITE) In the Uraba region,
US companies enjoyed a largely unregulated presence for decades, in particular United Fruit which later
became Chiquita Brands. Chiquita bananas supported the FARC with monthly payments in the early
1990s when the FARC fought against another rebel group, and from 1995-2004 Chiquita financed
paramilitary violence in Uraba with payments totaling $1.7 million.>® Moreover, since the early 2000’s,
the US has provided over $10 billion in mostly military aid to the Colombian government under Plan
Colombia.>® The US involvement with Plan Colombia, ostensibly to conduct a war on drugs, contributed
to the privatization of violence and other conditions that exacerbated armed conflict in Colombia.

This study is subject to limitations. Data on conflict-related incidents and deaths are almost
always incomplete and under-reported. In this study, we did not attempt to count conflict-related deaths,
but rather a more sensitive measure of conflict-related incidents, which researchers consider a better
metric of armed conflict-related violence.3*3 Conflict data were compiled, as directed by law, by the
Center for Historic Memory in Colombia, which has gone through careful data processing to remove
duplicates; however, there are many reasons why armed conflict-related events might be missing from
this data, even if they did occur. This study analyzed patterns of spatial variation in violence at the
municipality-level. We could not assess anything about within-municipality variation of violence—future
research should analyze the spatial distribution of violent death at a more granular level of space, and by
motivation or responsible party. Questions also remain about the distributions of injury due to violence,

self-directed violence, and gender-based violence.
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Conclusion

This research analyzed violent death trends in Colombia, a country in a unique position between
entrenched armed conflict and elusive peace, with one of the highest homicide rates in the world. The
results show high degrees of spatial clustering at the municipality level of both homicide deaths and
armed conflict events. Such strong spatial clustering lends support to the efforts of the Colombian
government with the PDET initiative, that designated areas at the municipality level for prioritized
investment. Many of these initiatives for improved state infrastructure and investment were promised by
the government under the 2016 peace accords but have yet to be implemented. The historic election of
Gustavo Petro in June 2022, the first leftist president of Colombia ever and himself a former rebel group
member, has given Colombians hope that the promised social investments and economic reforms will
materialize, but there is much work to be done to address entrenched structural inequality.>” Nevertheless,
the epidemiological study of violent death has led to finely-tuned, impactful policy and reductions in
urban violence in Colombia before. While the dynamics of violent death and armed groups have changed
since the 1990’s, this updated assessment of spatial trends in violence for this critical time in Colombia

may help guide updated public health approaches to violence prevention.
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Table 1.1. Estimates from Select Municipalities (continues to next page)

TABLES—AIM 1

Avg Homicide Armed Conflict
Municipality Department  Time Period Annual

P Pop.  NObs SMR RR RR NObs  SMR RR RR
(Lognormal) (BYM2) (Lognormal)  (BYM2)

1990-1994 62,306 1339 5.70 5.69 5.69 929 12.32 12.30 12.30

1995-1999 73,776 1260 5.92 5.91 5.91 1668 11.87 11.86 11.86

Apartads Antioquia 2000-2004 85,139 583 2.29 2.28 2.28 773 2.99 2.99 2.99
2005-2009 95,985 294 1.64 1.64 1.64 266 2.81 2.81 2.81

2010-2014 106,801 220 1.33 1.32 1.33 197 3.81 3.80 3.80

2015-2019 118,502 233 1.66 1.66 1.66 40 2.96 2.92 2.93

1990-1994 17,321 284 4.98 4.95 4.93 201 9.59 9.54 9.54

1995-1999 19,207 206 4.20 4.17 4.15 333 9.12 9.09 9.10

Tarazi Antioquia 2000-2004 21,089 219 3.65 3.63 3.61 403 6.29 6.28 6.28
2005-2009 22,828 336 8.20 8.14 8.13 337 14.92 14.87 14.86

2010-2014 24,566 162 4.38 4.33 4.34 219 18.36 18.28 18.23

2015-2019 26,484 254 8.76 8.67 8.64 54 17.84 17.48 17.30

1990-1994 4,966,150 15935 0.85 0.85 0.85 489 0.08 0.08 0.08

1995-1999 5,762,059 9541 0.57 0.57 0.57 563 0.05 0.05 0.05

Bogoté Bogoth 2000-2004 6,407,838 9496 0.48 0.48 0.48 835 0.04 0.04 0.04
2005-2009 6,877,747 7365 0.56 0.56 0.56 493 0.07 0.07 0.07

2010-2014 7,185,380 7066 0.62 0.62 0.62 164 0.05 0.05 0.05

2015-2019 7,383,414 6228 0.70 0.70 0.70 40 0.05 0.05 0.05

1990-1994 32,644 99 0.92 0.91 0.91 104 2.63 2.62 2.62

1995-1999 37,180 220 2.22 221 2.19 259 3.66 3.65 3.65

San Vicente . 2000-2004 41,084 317 2.73 2.72 2.72 470 3.77 3.76 3.76
del Caguan ~ CAdueta 2005-2009 44,268 327 425 4.22 4.21 444 10.14 10.11 10.12
2010-2014 47,499 255 3.64 3.62 3.58 267 11.58 11.54 11.55

2015-2019 50,340 197 3.52 3.49 3.43 49 8.50 8.35 8.39

1990-1994 22,734 18 0.25 0.26 0.31 61 2.22 2.20 2.19

1995-1999 24,159 26 0.42 0.43 0.48 621 13.56 13.53 13.53

RIOSUCIO Chocé 2000-2004 23,472 21 0.33 0.35 0.38 236 3.34 3.33 3.33
2005-2009 31,937 27 0.49 0.50 0.54 76 2.46 2.44 2.46

2010-2014 41,892 23 0.36 0.37 0.41 76 3.77 3.74 3.77

2015-2019 51,393 40 0.65 0.65 0.69 55 9.40 9.25 9.35

(cont. next page)
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Homicide

Armed Conflict

Avg
Municipality Department  Time Period Aggual NObs  SMR RR RR N Obs SMR RR RR
P- (Lognormal) (BYM2) (Lognormal)  (BYM2)
1990-1994 1,819,188 8731 1.27 1.27 1.27 327 0.15 0.15 0.15
1995-1999 1,944,653 10214 1.79 1.79 1.79 408 0.11 0.11 0.11
Cali Valle del 2000-2004 2,038,529 11132 1.79 1.79 1.79 811 0.13 0.13 0.13
Cauca 2005-2009 2,112,335 8626 2.22 2.22 2.22 550 0.26 0.26 0.26
2010-2014 2,164,027 9674 3.01 3.00 3.00 241 0.23 0.23 0.23
2015-2019 2,211,448 6746 2.77 2.77 2.77 43 0.17 0.17 0.17
1990-1994 252,987 1339 1.50 1.50 1.50 240 0.78 0.78 0.78
1995-1999 268,492 1161 1.57 1.57 1.57 342 0.67 0.67 0.67
Buenaventura Valle del 2000-2004 280,950 1638 2.02 2.02 2.02 998 1.17 1.17 1.17
Cauca 2005-2009 291,211 1399 2.73 2.72 2.72 963 3.33 3.33 3.33
2010-2014 298,676 732 1.69 1.69 1.69 466 3.21 3.20 3.21
2015-2019 305,800 431 1.31 1.31 1.31 101 2.88 2.87 2.87
1990-1994 37,121 183 1.54 1.53 1.53 184 4.10 4.08 4.09
1995-1999 40,095 286 2.78 2.77 2.76 549 7.22 7.21 7.21
Tib Norte de 2000-2004 42,193 826 7.00 6.98 6.98 1808 14.11 14.10 14.10
Santander 2005-2009 45,202 233 3.03 3.01 3.00 274 6.13 6.11 6.10
2010-2014 48,255 146 2.06 2.04 2.03 199 8.49 8.46 8.45
2015-2019 52,469 293 4.80 4,77 4,75 118 19.78 19.59 19.59

SMR = Standardized mortality ratio; RR = Risk ratio
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Table 1.2. Posterior medians and 95% intervals, total variance of the random effects, and percent of variation attributable to the spatial random effect

1990-1994 1995-1999 2000-2004 2005-2009 2010-2014 2015-2019
Post. Med  95% ClI Post. Med 95% ClI Post. Med 95% CI Post. Med 95% CI Post. Med 95% CI Post. Med 95% CI
Homicides
BYM2 model
o -0.70  (-0.74,-0.65) -0.45 (-0.49,-0.41) -0.18 (-0.22,-0.13) -0.27  (-0.31,-0.22) -0.53 (-0.57, -0.48) -0.40 (-0.45, -0.35)
of 1.04 (0.91, 1.19) 1.01 (0.88, 1.16) 0.94 (0.83, 1.08) 0.80 (0.71,0.92) 0.79 (0.69, 0.90) 0.76 (0.67, 0.86)
0] 0.63 (0.52,0.74) 0.64 (0.53,0.75) 0.53 (0.41, 0.65) 0.52 (0.40, 0.63) 0.52 (0.41, 0.64) 0.46 (0.34,0.58)
Lognormal model
o -0.68  (-0.76, -0.61) -0.46 (-0.53,-0.39) -0.18 (-0.24,-0.12) -0.27  (-0.33,-0.21) -0.52 (-0.58, -0.45) -0.38 (-0.44, -0.32)
¢ 1.27 (1.15,1.41) 1.11 (1.01, 1.22) 0.99 (0.91, 1.09) 0.90 (0.82, 1.00) 0.97 (0.88, 1.08) 0.87 (0.79, 0.97)

Armed Conflict

BYM2 model
a -0.63  (-0.70, -0.56) -0.53 (-0.59,-0.46) -0.21 (-0.27, -0.15) -0.44  (-0.51,-0.37) -1.07 (-1.17,-0.97) -0.88 (-1.01, -0.77)
of 2.12 (1.88, 2.43) 2.22 (1.96, 2.50) 1.79 (1.59, 2.00) 2.00 (1.79, 2.27) 2.94 (2.63, 3.45) 2.86 (2.44,3.33)
0} 0.51 (0.40, 0.63) 0.55 (0.44, 0.66) 0.46 (0.35,0.57) 0.49 (0.38,0.59) 0.49 (0.37,0.60) 0.48 (0.35, 0.60)
Lognormal model
a -0.65  (-0.75, -0.56) -0.54 (-0.64,-0.45) -0.21 (-0.29, -0.13) -041  (-0.50, -0.32) -1.02 (-1.15, -0.89) -0.80 (-0.94, -0.66)
ol 2.22 (2.00, 2.44) 2.33 (2.13, 2.56) 1.75 (1.61,1.92) 2.08 (1.89, 2.33) 3.33 (3.03, 3.70) 2.86 (2.50, 3.23)

Note: o = Intercept; o7 = Total variance of random effects (BYM2); ¢ = Percent variation attributable to spatial random effects (BYM2); 62 = Total variance of random effects
(Lognormal); 95% CI = 95% credible interval
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Table 1.3. Moran’s I & Geary’s C Statistics for Clustering

Moran’s 1

Geary’s C

Binary weights

Standardized weights

Binary weights

Standardized weights

| statistic P-value | statistic P-value C statistic P-value C statistic P-value
Homicides
1990-1994 0.43 <0.001 0.44 <0.001 0.54 <0.001 0.57 <0.001
1995-1999 0.45 <0.001 0.46 <0.001 0.69 <0.001 0.64 <0.001
2000-2004 0.49 <0.001 0.48 <0.001 0.77 <0.001 0.68 <0.001
2005-2009 0.52 <0.001 0.49 <0.001 0.78 <0.001 0.66 <0.001
2010-2014 0.45 <0.001 0.43 <0.001 0.80 0.006 0.71 <0.001
2015-2019 0.44 <0.001 0.42 <0.001 0.73 <0.001 0.68 <0.001
Armed Conflict
1990-1994 0.59 <0.001 0.60 <0.001 0.58 <0.001 0.51 <0.001
1995-1999 0.61 <0.001 0.61 <0.001 0.55 <0.001 0.50 <0.001
2000-2004 0.51 <0.001 0.53 <0.001 0.63 <0.001 0.56 <0.001
2005-2009 0.52 <0.001 0.51 <0.001 0.66 <0.001 0.58 <0.001
2010-2014 0.55 <0.001 0.55 <0.001 0.60 <0.001 0.53 <0.001
2015-2019 0.48 <0.001 0.51 <0.001 0.55 <0.001 0.53 <0.001
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FIGURES—AIM 1
Figure 1.1. Observed Homicide Rates per 100,000 Population in 5-year bands, 1990-2019
1990-1994 1995-1999 2000-2004

728 1032 544

105

67

44

I- 28

241

52

31

20




Figure 1.2. Observed Counts of Armed Conflict-Related Incidents in 5-year bands, 1990-2019
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Figure 1.3. Poisson-Lognormal Estimates of RR by Municipality—Homicides
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Figure 1.4. Poisson-Lognormal Estimates of RR by Municipality—Armed Conflict
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Figure 1.5. Risk Ratios Estimated by BY M2—Homicides
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Figure 1.6. Risk Ratios Estimated by BY M2—Armed Conflict
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Figure 1.7. Most Likely Homicide Clusters
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Figure 1.8. Most Likely Armed Conflict Clusters and Priority Municipalities
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Impact of Armed Conflict on Child Mortality in Colombia, 1998-2019

INTRODUCTION

Worldwide, an estimated 452 million children—more than 1 in 6—live within 50 km of active
war zones.! Armed conflict, defined as armed violence between organized groups, is a major cause of
injury and death worldwide, posing a significant public health problem.?® In addition to mortality directly
resulting from violence, armed conflicts indirectly cause morbidity and mortality through more subtle
means. The destruction of health infrastructure, diversion of resources, forced displacement,
environmental damage to water/sanitation access, and erosion of social and economic security introduce
and exacerbate risk factors for more death and morbidity off of the battlefield, particularly when civilian
access to water, food, shelter, or healthcare are curtailed.*® Young children, while rarely combatants, tend
to be the one of the groups most vulnerable to both the direct and indirect effects of armed conflict.®

Under-5 child mortality rates (USMR) are a standardized metric in global health, measured as
number of deaths among children before their 5" birthday, per 1000 live births. Along with infant
mortality rates, which are measured as counts of death within the first year of life per 1000 births, these
metrics capture many important factors for child health in numbers that can be compared between
countries or sub-nationally. Decreasing child mortality rates has been a focus of global health advocacy,
and is a key indicator used to measure progress towards the UN’s Sustainable Development Goals.’ This
is because the most common causes of death among young children—malnutrition, diarrhea, infectious
disease, preterm birth—are largely treatable or preventable.

Child mortality—specifically USMR—is an important outcome to study in relation to armed
conflict because it captures many of the indirect effects of armed conflicts on nearby communities that are
difficult to measure, such as disruption of healthcare services and public health activities, food insecurity,

and forced displacement.®® Infant mortality, or deaths that occur during the first year of life, generally
36



comprise about 45% of USMR.X The deleterious effects of armed conflict remain years after cessation of
violence,! so unlike infant mortality which is a more contemporaneous outcome, USMR encapsulates
both immediate and lagged effects. Additionally, child mortality is a more sensitive indicator of armed
conflicts’ effects on population health than, for example, life expectancy: Child health is more vulnerable
to shocks and disruptions to healthcare systems than adult health.

Both boys and girls are vulnerable to malnutrition and associated infections, as well as
unexploded mines, recruitment into armed groups, and sexual violence, while evidence shows women and
girls tend to be most affected by sexual violence and disruption to the provision of health services in
armed conflicts.'>'® Armed conflict exacerbates many risk factors for infectious disease transmission, and
can cause public health systems to collapse, curtailing routine immunization activities or access to
medical supplies.’* A limited body of research has examined the impact of armed conflict on child health
indicators, such as child mortality, malnutrition, and maternal health, mostly in sub-Saharan Africa.’>2
However, the nature of armed conflict in these settings were generally short-term (<5 years) and limited
to specific areas.?%® Recent reviews of the literature lament that the empirical impact of armed conflict on
child health remains largely unknown, particularly in Latin America.2%

Colombia has experienced over 7 decades of armed conflict, beginning in the 1940s and evolving
over time to include multiple state, non-state, and pseudo-state (paramilitary) armed groups. The conflict,
which officially ended with a peace treaty in 2016, was uniquely long-lasting, fractious, and
geographically dynamic.?6-2® The United States (US) government supported the Colombian state and
pseudo-state armed groups with over $10 billion in mostly military aid from 2000-2019.2°3° The
Colombian conflict was deadliest in the 1990s, due to the rise of narco-trafficking and mobilization of
paramilitaries in the 1980s.143!

Of the 7.6 million Colombians registered as victims of the conflict by 2016, 2.5 million, or 33%,
were children (age <18).% Young children (age <5) comprise 20% of displaced Colombians, and 10% of
the total number of civilians killed, abducted, disappeared, or tortured.®? Despite the long-lasting armed

conflict, Colombia has made substantial progress towards meeting the Millennium Development Goal of
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reducing USMR. Colombia’s overall USMR decreased from 35 per 1000 live births in 1990 to 14 per
1000 live births in 2019.% However, the national rate masks significant subnational disparities.® In rural
areas of Colombia, the USMR is almost twice that of the national average.®

Armed conflict also disrupts the collection of data and the ability to conduct public health
programs and outreach; so, empirical estimates of the impacts of specific armed conflicts on child health
are limited. By leveraging the spatial and temporal heterogeneity of Colombia’s armed conflict, this study
estimated the impact of armed conflict on infant and child survival. An improved understanding of the

child health impacts of armed conflict can inform policy and advocacy to prevent armed conflict.

METHODS

Study Setting & Population

The unit of analysis for this ecological study was municipality-year. Colombian municipalities
are analogous to US counties; departments are analogous to US states. Colombia has a total of 1,122
municipalities organized into 33 departments. Bogot4, the capital of Colombia with a population over 7
million, comprises its own municipality and its own department. All municipalities were included in this
study, although some municipalities (<1%) were excluded for some years, because they did not exist yet
or because the number of births was <1.

The analytic sample consisted of 24,157 municipality-years, over the period 1998-2019.
Municipality-years were included in the analysis if there were any deaths (among all ages) recorded for
that municipality-year, to help ensure that death registry data was collected. The beginning of the study

period was limited to 1998 due to the availability of birth records beginning in that year.

Measures
The main outcome measures, deaths among children under 5 years of age and deaths among

children under 1 year of age, were obtained from Colombia’s vital statistics micro-data, which are
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collected, processed, and hosted by the National Administrative Department of Statistics (DANE in
Spanish).*® DANE vital statistics individualized death records include data on age (by month for children
<5 years), location of death, cause of death (recorded with ICD-10 codes), and some other demographics.
Child deaths were measured as counts for each municipality-year, irrespective of cause, and were
assigned to the child’s municipality of residence.

The main independent variable, armed conflict, was based on counts of conflict-related events in
each municipality-year. A municipality-year was considered ‘exposed’ to armed conflict if there were 10
or more conflict-related incidents occurring in that municipality. Conflict data were obtained from the
Colombian government’s National Center for Historical Memory (CNMH), which was mandated by Law
1448 in 2011 to compile, process, and distribute data on the armed conflict.2” CNMH armed conflict data
were collected from the National Victims’ Registry, the Justice Department, interviews with survivors,
death records, media reports, academic research, among others. By 2016, CNMH collected information
from 382 sources and over 1,000 documents.*® Conflict-related incidents were categorized by CNMH into
one of the following categories: military actions, selective assassinations, attacks on towns, terrorist
attacks, damage to civilian infrastructure/property, massacres, kidnapping, forced disappearance,
recruitment of children, sexual violence, and antipersonnel mines/unexploded munitions. This last
category includes exploded munitions causing injury, as well as the presence of unexploded landmines,
which are particularly hazardous to children due to their toy-like appearance. Of note, conflict events did
not necessarily result in fatality. Events that occurred simultaneously (e.g., kidnapping at the same time as
a massacre) were assigned to the category in which the event was first reported to CNMH. One
characteristic of Colombia’s armed conflict has been the skewed distribution of incidents perpetrated by
different armed groups; for example, paramilitary groups were associated with the most fatal incidents
and with the most selective assassinations.*® However, even non-fatal conflict events can be damaging,
threatening, and may inhibit access to medical care, perhaps more so than fatal conflict-related events.®

Consistent with prior literature evaluating armed conflict, we took a parsimonious approach to

model adjustment to avoid including factors that may be on the causal pathway between armed conflict
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and child mortality.?24° Each model in this analysis was adjusted with 3 indicators for the occurrence of
severe natural disasters requiring federal emergency aid: volcano eruption and/or earthquake, hurricane
and/or flooding, and droughts. These natural disasters may cause both armed conflict and child mortality,
and are not a downstream effect of armed conflict. Natural disaster data were obtained from Colombia’s
National Unit for Disaster Risk Management (UNGRD), which included any event that was declared a

public emergency and received support from the UNGRD’s National Emergency Fund.*

Statistical Analyses

Negative binomial regression models were constructed for each count outcome—number of
deaths aged <5 years, and number of deaths aged <1 year—offset by the number of births in that
municipality-year. Zero-inflated negative binomial models were considered for the large amount of zeroes
in the response variable, however the non-zero inflated negative binomial regression model was chosen
for better model fit.

The regression model was constructed such that the parameter u is the mean incidence rate of

child death (i.e., the count of child deaths per number of births (n;) as the offset):

Ui = Nyl (1)

wi = exp (In(ny) + Bo + Prxy; + Paxyi + Paxsi + PaXai + Psyi) 2

Where x;; represents the indicator for exposure to armed conflict, x,; is a binary indicator for whether
there were hurricanes or flooding, x3; is a binary indicator for whether there was an earthquake or
volcanic eruption, and x,; is a binary indicator for droughts. Fixed effects for year were parameterized

categorically as y;, and standard errors were clustered by department.
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For the main analysis, the outcomes of under-5 deaths and infant deaths were modeled with (i)
concurrent-year conflict events, (ii) conflict events lagged to one year prior, and (iii) conflict events
lagged to 5 years prior. Sub-group analyses of child deaths by sex were also performed.

Due to a small number of highly influential outliers with >365 conflict events per municipality-
year, the final model was selected as that with all municipality-years, but conflict events capped to 365.

The cap affected 19 municipality-years (0.08% of the sample).

Ethical approvals
This study did not meet the definition of human subjects research because all data were de-identified and

publicly available.

RESULTS

The final analytic sample consisted of 24,157 municipality-years, over the period 1998-2019. A
description of the analytical sample is shown below in Table 2.1. The distribution of causes of child
mortality over time are shown in Figure 2.1. Additional descriptive figures are shown in the Appendix.
The average (mean) count of under-5 deaths per municipality-year over the study period was 11.3
(standard deviation [SD]: = 86.4); 39.4% of municipality-years reported at least one death of any age, but
0 deaths among children under 5 years of age. When parameterized as a child mortality rate per 1000 live
births, the average (mean) under-5 mortality rate (USMR) was 9.6 (SD * 18.3) per 1000 births. Among
infants (<1 year), the mean count of deaths per municipality-year was 9.3 (SD * 74.3) and 49.5% of
municipality-years reported 0 infant deaths. The average infant mortality rate was 6.5 (SD + 13.9) per
1000 births.

While the data on conflict event counts were also heavily skewed, only a total of 23
municipalities (2%) had 0 conflict-related events over the entire study period (10 municipalities in the

Boyacéa department, 6 in Guainia, 3 in Amazonas, 2 in Cundinamarca, and 2 in Santander). The average
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(mean) number of armed conflict events was 9.2 (SD + 36.8). Out of 24157 municipality-years, 10566
(43.7%) had 0 conflict events.

Results from regression analyses are presented in Table 2.2. Overall, exposure to armed conflict
was associated with an increased risk of 51% (RR = 1.51; 95% confidence interval [95% CI] 1.31, 1.73)
for child (< 5 years) death in affected municipalities. Similarly, municipalities exposed to armed conflict
were associated with a 60% increased risk in infant (< 1 year) death (RR=1.60; 95% CI 1.38, 1.85).
Results were robust to exclusion of large cities. On the absolute scale, this translates to an increase of 4.27
child deaths per 1,000 births (95% CI1 2.86 per 1,000, 5.68 per 1,000 births), or an increase of 3.50 infant
deaths per 1,000 births (95% CI 2.39 per 1,000, 4.61 per 1,000 births). Across the study period, 24.1%
(95% ClI 16.5%, 31.0%) of all child deaths, and 27.3% (95% CI 19.4%, 34.4%) of all infant deaths in
Colombia were directly or indirectly attributable to the conflict. Nationally, over the study period, this
amounts to 65,709 (95% CI 44,988 — 84,523) deaths among children <5 years, including 61,141 (95% CI
43,448 — 77,041) deaths among Colombian infants <1 year attributable to the armed conflict.

In sub-group analyses evaluating sex-specific associations of armed conflict with child and infant
death, relative risks of death were similar among males and females for both children and infants.
However, on the absolute scale, results suggest that the rates of male child and male infant mortality were
more strongly impacted by armed conflict than rates of female child or female infant mortality (Table
2.3). When armed conflict exposure was lagged to correspond to conflict from one and five years prior,
the RRs did not change. However, the risk differences (RD) were moderately attenuated: RD=3.59 (95%
Cl 2.48, 4.70 per 1,000 births) more deaths among children <5 and RD=2.88 (95% CI 1.98, 3.79 per
1,000 births) more deaths among infants <1 year than would be expected in the absence of armed conflict.
When lagged to one year prior, both the relative risks and risk differences were slightly attenuated
(Tables 2.2 & 2.3).

When examining the effects of armed conflict by cause-specific child and infant mortality, we
observed some differences by underlying cause. As shown in Table 2.4, exposure to armed conflict was

most strongly associated with deaths related to pertussis and the neonatal period. Specifically, the largest
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RR was observed for deaths due to pertussis, followed by deaths due to sepsis or other newborn infections
(RR=2.20; 95% CI=1.78, 2.72). Effects for deaths due to prematurity were also high with RR=1.76 (95%
Cl=1.48, 2.09), and the RR for intrapartum complications was moderate at 1.45 (95% Cl=1.24, 1.71).

The association between armed conflict and child mortality was fairly consistent across infectious
causes of mortality. Among children <5 years, municipal exposure to armed conflict was associated with
a 65% increased risk of mortality due to diarrheal disease (RR=1.65; 95% CI1=1.28-2.12), 69% increased
risk of mortality due to malnutrition and other infectious causes (RR=1.69; 95% Cl=1.45, 1.99), and 2.87-
fold increase in risk of mortality due to pertussis (RR=2.87; 95% CI=1.95, 4.23) (Table 2.4). Among
children <5, the association between armed conflict (contemporaneous, and lagged 1- and 5 years) and
child mortality was not statistically significant for deaths due to tetanus (not shown), malaria, or injuries.
Among infants (<1 year), armed conflicts were not statistically significantly associated with deaths due to
tetanus or malaria. However, armed conflict exposure was associated with a 24% decrease in infant
deaths due to injury (RR=0.76; 95% CI=0.59, 0.97). When looking at broader categories of underlying
cause, we see the largest associations between armed conflict and deaths due to communicable diseases,

followed by non-communicable diseases, for both children (<5) and infants (<12m) (Figure 2.2).

DISCUSSION

In this ecologic study using official records, we found a significant effect of Colombia’s armed
conflict on child and infant mortality rates. Overall, we found that a municipality’s exposure to armed
conflict was associated with about a 50% increase in child and infant mortality among that municipality.
Nearly 1 in 4 child deaths were attributable to the armed conflict; this translates to excess mortality of
65,709 (95% CI 44,988 — 84,523) deaths among children <5 years, and 61,141 (95% CI 43,448 — 77,041)
deaths among Colombian infants <1 year over the study period 1998-2019 that were attributable to the

armed conflict.
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It has been well-documented that child and infant mortality rates are higher in countries or
regions experiencing conflict.!* However, the relationship is confounded by countries in conflict more
often experiencing other risk factors for child mortality, including lower GDP, state infrastructure and
general socioeconomic development indicators.*? With the exceptions of the Rwandan genocide and the
Syrian civil war, armed conflicts have not usually had a clear impact on national child mortality
rates.! 344 Moreover, the past few decades have seen great progress in global reductions of child
mortality, even in severely conflict-prone countries like the Democratic Republic of Congo (DRC) or
Angola.*®?

Research on the population health effects of armed conflicts have focused on specific conflicts
like those in Syria and Irag, and multi-country studies have focused on conflicts in sub-Saharan
Africa.'*4s An analysis of armed conflicts in 35 African countries between 1995-2015 found that violent
clashes within 50km during the child’s first year of life was associated with higher risk of infant mortality
(<1 year) than in the absence of conflict.}* ‘Chronic’ conflicts, those that lasted at least 5 years, were
associated with the highest increase in infant mortality of 11.7 additional infant deaths per 1000 births
than would be expected in the absence of nearby armed conflict.!! While this estimate is more than double
the finding we observed of 4.27 additional child deaths per 1000, it could be explained by the
methodological differences in measuring conflict and differences in the settings. Additionally, whereas
Wagner et al. measured armed conflict as either present or absent within a set distance of the child’s birth
place, our study measured child and infant deaths attributable to the presence of armed conflict in a given
municipality-year. If we applied our results to a municipality-year in which 22 conflict-related incidents
occurred in a given year, which was observed for 93 municipalities in our sample, our findings were
consistent.

There is less agreement on how long the effects of armed conflict last. In the multi-country
analysis, infant mortality risk was elevated for up to 8 years after the conflict event.!! In our lagged
analysis, we found largely consistent and slightly attenuating associations between armed conflict

incidents and child and infant mortality. This difference in findings may be attributable to some unique

44



characteristics of Colombia’s armed conflict, such as widespread exposure, chronic persistence and
massive population displacement. In 2018, 40% of Colombians reported having been a victim of the
armed conflict, defined as having been forcibly displaced or having a family member killed or kidnapped
due to the conflict.*® It may be more difficult to disentangle the effects of repeated or widespread
exposures to armed conflict in Colombia, which was more common than armed conflicts in sub-Saharan
Africa which tended to be more acute in timing.

Some studies have examined the impact of Colombia’s armed conflict on demographic indicators,
including fertility,*” contraception use,*® educational outcomes,*® and most recently, maternal and infant
health indicators.? In their mixed methods study, Ramos Jaraba et al. (2020) did not find statistically
significant differences in infant mortality among conflict-affected municipalities, but did observe
increased rates of teenage pregnancy and maternal mortality in municipalities with higher levels of
conflict.? In support of these findings, we found that deaths due to neonatal period-related causes, such as
prematurity, intrapartum-complications, congenital anomalies, and sepsis and other newborn infections
were the most strongly associated with armed conflict. The delivery of health services to pregnant women
are necessary for both maternal and infant health outcomes, but are crucial in conflict-affected areas. The
availability of emergency obstetric services in particular has been found to be critically impacted by
armed conflict in Colombia and Mexico.4%°

While armed conflict was not statistically significantly associated with fatal injuries among
children <5, armed conflict was statistically significantly negatively associated with fatal injuries among
infants. While the magnitude of the relative risk was not large, this could be due to several reasons.
Infants who otherwise would succumb to fatal injury in their first year of life might be more likely to first
die from causes that have increased risk, such as prematurity or malnutrition. On the other hand, infants in
areas exposed to armed conflicts might be more supervised, or have more vigilant parents compared to
non-conflict affected areas, and therefore less likely to become accidentally injured. Another reason could

be that infant or child deaths due to injury might be less likely to be recorded in areas affected by armed
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conflict, which are also less likely to have strong state presence and therefore access to official birth and
death registration services.

These findings should be taken in view of some limitations. First, this analysis relied on official
death registries for child mortality data. While Colombia’s vital statistics have been validated, they may
be less reliable in areas not controlled by the state during the armed conflict. To address this limitation,
municipality-years were included in this analysis only if there was at least one death, of any age, recorded
to increase the likelihood that child deaths were properly recorded. In Colombia, forced displacement
caused significant migration patterns and population changes over the study period. However, deaths
recorded were attributed to the municipality of residence of the decedent, regardless of where the death
occurred. Some child and infant deaths were undoubtedly not captured by official death records, but this

biases results toward the null, so true effects may be larger than estimated.

Conclusion

While some studies have shown disproportionately poor child health outcomes in countries that
have experienced armed conflict, this is one of the first studies to quantify the impact of armed conflict on
child mortality in Colombia.*** The armed conflict in Colombia, which has lasted over half a century, is
more chronic, complex, and localized than many of the armed conflicts that have been studied in relation
to child health. One hallmark of Colombia’s armed conflict is the dynamic spatiotemporal distribution of
violence: armed guerrilla groups mostly concentrated in rural areas with geostrategic territorial features,
with considerable movement over time.?"%? This difference-in-differences study leveraged these changes
in conflict intensity over time and space and compared municipalities to themselves before/after conflict,
and to other municipalities contemporaneously, which improves on prior descriptive literature by
incorporating a counter-factual. This improved understanding of the relationship between armed conflict
and child mortality outcomes may be helpful to inform this program and other public health planning as

Colombia moves through its post-conflict period.853°4
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Beyond mortality, millions of children in Colombia have been harmed by the armed conflict,
through displacement, kidnappings, sexual violence, recruitment into armed groups, explosive devices,
and other means. For civilians who live in regions affected by Colombia’s armed conflict, there is almost
no facet of life that is unaffected by the conflict or its sequelae.®* Because the indirect effects of conflict
on health tend to be long-lasting,?* mortality may be the most measurable outcome by official records, but
likely belies other negative health outcomes. Nevertheless, efforts such as the Colombian government’s
special designation program to prioritize municipalities historically affected by armed conflict for
initiatives and investments, have already demonstrated positive gains in reducing child and infant
mortality.%

More than two thirds of the world’s children live in countries with active armed conflict.! It is
more important than ever for policy makers, violence prevention advocates, and health professionals to
understand the ways in which armed conflict directly and indirectly undermines child health. Unlike
natural disasters, armed conflicts are neither spontaneous nor inevitable. Upstream determinants of armed
conflict include socioeconomic inequality and disenfranchisement, but most importantly, arms
proliferation.®® It must be noted that the United States, through the “Plan Colombia” announced in 1999,
has delivered over $10 billion to Colombia’s military through 2021.2° This US-sponsored military
crackdown coincided with the peak of extra-judicial killings carried out by Colombia’s police and
military.5” US-made firearms have been used to perpetrate countless armed conflict events, including

many of the conflict events in this study.®
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TABLES—AIM 3

Table 2.1. Description of analytical sample, N=24157 municipality-years

Mean (+ SD) or Median (IQR) Range
n (%o)

Total population 39428 (+ 236705) 12362 (6628, 24769) 0, 7592871
Number of births 627 (+ 3809) 167 (80, 380) 21, 136458
Child deaths <5 11 (= 86) 1(0,3) 0, 3441
Child mortality rate per 1000 9.6 (£ 18.3) 4.8 (0, 13.0) 0,519
births
Child deaths <1 9(x74) 1(0,2) 0, 2996
Infant mortality rate per 1000 6.5 (£13.9) 1.1 (0, 8.7) 0, 500
births
Armed conflict events 9(x37) 1(0, 6) 0, 2092
Armed conflict victims 11 (x 43) 1(0,7) 0, 2403
Hurricane or flood, n (%) 9616 (39.8%)
Volcano or earthquake, n (%) 4165 (17.2%)
Drought, n (%) 342 (1.4%)

+ Municipalities needed to have had at least 2 births in a year to be included, due to division problems with offset term because In(1)=0
SD = standard deviation; IQR = interquartile range

Table 2.2. Negative binomial regression results: Associations between conflict exposure and child and infant deaths, N=23939

RR (95% CI) P-value

Contemp.
Child (<5) 1.51(1.31,1.73) <0.001
Infant (<1) 1.60 (1.38, 1.85) <0.001
1 year lag
Child (<5) 1.52(1.32,1.74) <0.001
Infant (<1) 1.61 (1.39, 1.87) <0.001
5 year lag
Child (<5) 1.53(1.34,1.76) <0.001
Infant (<1) 1.63 (1.40, 1.89) <0.001

All models adjusted for natural disaster indicators of hurricane/flood, volcano/earthquake, or drought; and year fixed effects



Conflict exposure: >=10 events/year

Table 2.3. Associations between conflict exposure and child and infant deaths, by sex

RDY 95% ClI P-value
Contemporaneous

Child (<5) overall 4.27 2.86, 5.68 <0.001
Child (<5) -- males 4.61 3.01,6.21 <0.001
Child (<5) -- females 3.96 2.64,5.27 <0.001
Infant (<1) overall 3.50 2.39,4.61 <0.001
Infant (<1) -- males 3.82 2.54,5.09 <0.001
Infant (<1) -- females 3.25 2.21,4.29 <0.001

1-year lag
Child (<5) overall 4.14 2.78,5.50 <0.001
Child (<5) -- males 4.67 3.15,6.20 <0.001
Child (<5) -- females 3.68 2.37,4.99 <0.001
Infant (<1) overall 3.40 2.33,4.48 <0.001
Infant (<1) -- males 3.86 2.63,5.09 <0.001
Infant (<1) -- females 3.04 2.01, 4.06 <0.001

5-year lag
Child (<5) overall 3.59 2.48,4.70 <0.001
Child (<5) -- males 3.99 2.75,5.23 <0.001
Child (<5) -- females 3.31 2.19,4.43 <0.001
Infant (<1) overall 2.88 1.98, 3.79 <0.001
Infant (<1) -- males 3.24 2.20,4.27 <0.001
Infant (<1) -- females 2.66 1.76, 3.56 <0.001

+ Computed per 1,000 births. RD = risk difference; Cl = confidence interval
All models adjusted for natural disaster indicators of hurricane/flood, volcano/earthquake, or drought; and year fixed effects



Table 2.4. Associations between armed conflict and child (<5) mortality by select causes

Contemporaneous 1-year lag 5-year lag

RR (95% CI) P-value RR (95% CI) P-value RR (95% CI) P-value
Diarrheal disease 1.65(1.28,2.12)  <0.001 1.75(1.33, 2.31) <0.001 1.62 (1.20, 2.20) 0.002
Pertussis 2.87(1.95,4.23)  <0.001 2.68 (1.67, 4.30) <0.001 3.34 (2.08, 5.36) <0.001
Malaria 0.95 (0.42, 2.18) 0.909 1.51(0.72, 3.16) 0.278 1.31(0.62, 2.79) 0.477
Lower resp. tract infection 157 (1.32,1.86)  <0.001 1.62 (1.36, 1.93) <0.001 1.71 (1.47, 2.00) <0.001
Prematurity 1.76 (1.48,2.09)  <0.001 1.79 (1.50, 2.15) <0.001 1.78 (1.47, 2.15) <0.001
Intrapartum complications 1.45(1.24,1.71)  <0.001 1.49 (1.25, 1.77) <0.001 1.46 (1.24,1.73) <0.001
Sepsis/ newborn infections 2.20(1.78,2.72)  <0.001 2.22 (1.79, 2.74) <0.001 2.44 (1.93, 3.07) <0.001
Malnutrition other inf. causes  1.69 (1.45,1.99)  <0.001 1.71 (1.46, 1.99) <0.001 1.77 (1.52, 2.07) <0.001
Congenital anomalies 155(1.28,1.88) <0.001 1.54 (1.26, 1.89) <0.001 1.68 (1.38, 2.05) <0.001
Other non-comm. disease 1.47 (1.29,1.67) <0.001 1.52 (1.32, 1.76) <0.001 1.59 (1.37, 1.83) <0.001
Injuries 1.06 (0.89, 1.26) 0.523 1.04 (0.87, 1.24) 0.642 1.05 (0.90, 1.21) 0.553

All models adjusted for natural disaster indicators of hurricane/flood, volcano/earthquake, or drought; and year fixed effects



FIGURES—AIM 3

Figure 2.1. Child (<5 Years) Deaths in Colombia by Cause, 1998-2019
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Figure 2.2. Association between armed conflict and child and infant mortality, by major cause

Armed Conflict and Under-5 Mortality by Major Cause Armed Conflict and Infant Mortality by Major Cause
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