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Abstract

Armed conflict has been linked to adverse pregnancy outcomes such as low birthweight,
stillbirth and neonatal mortality. This study analyzes birthweight in the unique context of
Colombia, where a long-standing conflict has created multiple stressors that may impair
maternal and child health. Pathways suggested to account for this relationship include
mother’s stress, nutritional deficiencies, lack of adequate health care, and intimate partner
violence. We further contribute with novel analyses of the impact of anti-coca fumigation that
has been harmful to health. Combining micro-level survey data with spatiotemporal
information about organized violence and anti-coca fumigation, we explore how intrauterine
exposure to these stressors are related to birthweight. We find that a mother’s exposure to
violence and fumigation is detrimental to the intrauterine growth of her children, net of
gestational length, parity, and mother’s characteristics such as age, location or genetics. The
relationship between conflict and birthweight was stratified by mother’s age, residence, and
educational level. The findings are indicative of a scarring effect from armed conflict on live-
born children that may impair their future health and socioeconomic status outcomes. The
results add to knowledge about maternal and child health during crises, and the importance of
context for individuals’ health.
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Introduction

Armed conflict has been linked to adverse pregnancy outcomes (Buitrago and Moreno-Serra
2021; Camacho 2008; Mansour and Rees 2012; Oskorouchi 2019) and we know that in utero
shocks may have negative health consequences with long-term repercussions for health and
socioeconomic status (SES) throughout the lifecourse (Almond and Currie 2011; Currie and
Vogl 2013). Because violent conflict has dramatically increased in the last decade, the need
to understand potentially long-lasting consequences for the most vulnerable population is a
pressing public-health issue. But most of the work on maternal and child health in violent
conflict is focused on universal effects, i.e., assuming that all segments of the population are
affected in the same way. This leads to a gap in understanding which groups in the population
are more vulnerable to security risks. Without this knowledge, policymakers may develop

interventions that are not well-suited to address women’s and children’s health needs.

The story of conflict and how it plays out for reproductive and maternal health is broader than
counting deaths, events, or explosions. In Colombia, coca cultivation has been intrinsically
connected to conflict, since armed actors have used narco trafficking as an informal taxation
system to finance further fighting (Jansson 2008). Aerial spraying of anti-coca fumigation has
been used as a strategy to combat illicit armed groups by strangling their income. Both coca
cultivation and eradication have thus been at the center of the political economy of the
Colombian conflict. Anti-coca fumigation has been empirically linked to harmful effects on

the health of pregnant women and their unborn children (Camacho and Mejia 2017).

This study aims to take a comprehensive and context-specific approach to the effect of local
armed conflict in Colombia. Specifically, we assess the consequences of conflict on
birthweight. We take an intersectional approach, by looking at heterogeneous effects to
examine the extent to which conflict is a driver of health inequalities at birth. We assess
exposure to organized violence and anti-coca fumigation, which are separate but interlinked
dimensions of armed conflict in Colombia. The focal research questions are: How does
exposure to armed conflict in terms of violence and fumigation correlate with birthweight in
Colombia? Which groups of the population are more vulnerable to the impact of conflict on

birthweight?

Colombia is a unique setting that provides useful methodological and theoretical
characteristics. First, it has had a uniquely longstanding conflict with extensive variations

across space and time in terms of violence intensity since the mid-20th century. Second, data



on individual women’s health and pregnancies is available for the past twenty years, even
during continued conflict. Third, the link between armed conflict and the cultivation of illicit
drugs has created multiple pathways through which women and children’s health may be
affected and demonstrates the importance of taking a comprehensive approach toward armed
conflict. Moreover, aerial spraying has been virtually unanticipated in terms of timing and
location (Camacho and Mejia 2017). Fourth, Colombia — like most of Latin America —is a
context with stark social inequalities and high rates of violence, which makes it a particularly
relevant context to study which groups of the population are more sensitive to negative health

outcomes of conflict.

While past work has observed a link between anti-coca fumigation and miscarriages in
Colombia (Camacho and Mejia 2017) our study is the first to investigate live birth outcomes
such as birthweight in relation to fumigation. Past literature from Colombia has shown a link
between ceasefires and reductions in stillbirths and perinatal mortality (Buitrago and Moreno-
Serra 2021) and between landmine explosions and lower birthweight (Camacho 2008). The
present study offers alternative measurements of armed conflict, focusing on events of
organized violence and casualties in those events, since landmine explosions only account for
a small fraction of the violence to which Colombian women are exposed (Restrepo, Spagat,
and Vargas 2006). Whereas previous studies (Buitrago and Moreno-Serra 2021; Camacho
2008) are restricted to births in health care facilities recorded in medical files, our individual-
level survey data also contain non-institutional births, which most often occur in rural areas
where conflict has been most concentrated in Colombia. Finally, while most previous work
on health outcomes of conflict is focused on the universal effects, we instead look at how
some women and their children may be more vulnerable to conflict than others. More
specifically, we look at heterogeneous effects related to the mothers’ age, residence, and

educational level.

Adverse birth outcomes such as low birthweight represent significant public health
challenges and we need a better understanding of the root causes and contextual factors in
order to inform policies to improve the situation. Our study also contributes to existing
knowledge about long-term consequences of armed conflict for the intergenerational linkages
between maternal and child health. The findings from this article may be useful in addressing
maternal and child health outcomes in settings plagued by conflict and production of

narcotics.



Understanding Birthweight

Birthweight is a strong predictor of infant and child mortality and is widely regarded as a key
early life indicator of later-life health and SES outcomes (Barker 1995; Ben-Shlomo and Kuh
2002; Almond and Currie 2011). Both low birthweight (<2500 g) and high birthweight/fetal
macrosomia (>4500 g) are associated with poorer health throughout the lifecourse; however,
studies suggest that within these thresholds higher birthweight is positively associated with
later-life health and SES outcomes (Adair et al. 2013).

In addition to genetic factors, birthweight is determined by maternal health and behavior,
SES, as well as the social and physical environmental context to which a fetus is exposed
(Kramer 1987). For example, lower SES, living in impoverished neighborhood conditions, or
lack of access to adequate antenatal care have all been shown to have adverse effects on
perinatal health (Krieger et al. 2003). Thus, birthweight is a unique indicator simultaneously

measuring maternal and offspring health.

In Utero Exposure to Armed Conflict and Pregnancy Outcomes

The fetal origins hypothesis is often used to describe how intrauterine exposure to deleterious
circumstances may lead to detrimental health outcomes throughout a child’s lifecourse
(Barker 1995; Ben-Shlomo and Kuh 2002). In the broader literature, four main pathways
have been proposed as mediators through which armed conflict may link to adverse

pregnancy outcomes such as lower birthweight. We display these connections in Figure 1.
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Figure 1. Links between armed conflict and birthweight.
First, conflict is known to cause and perpetuate poverty and food insecurity (Ibafiez and
Vélez 2008). This in turn may lead to nutritional deficiencies that are detrimental to the fetus,
especially during the last trimester when the fetus grows the most (Bozzoli and Quintana-

Domeque 2014).

Second, conflict has been related to an increase in intimate partner violence (IPV) (Ekhator-
Mobayode et al. 2022; La Mattina 2017; Ostby 2016b; Ostby, Leiby, and Nordas 2019;
Svallfors 2021a) that in turn is known to associate with adverse pregnancy outcomes (Coker,
Sanderson, and Dong 2004; Hoang et al. 2016; Lipsky et al. 2003, 2004; Moraes, Amorim,
and Reichenheim 2006; Valladares et al. 2002).

Third, conflict often reduces health care access, including use of prenatal care and

institutional child delivery (QDstby et al. 2018; Ramos Jaraba et al. 2020; Ziegler et al. 2020).

Fourth, mother’s stress has been linked to excess production of the placental-derived
corticotropin releasing hormone that accelerates the maturation of the fetus’ organs and
increases the risk of low birthweight, especially if exposure happens during first trimester
(Mulder et al. 2002; Nakamura, Sheps, and Clara Arck 2008). Such stress-responses may
come from losing partners, other family, and community leaders (Black, Devereux, and
Salvanes 2016; Catalano and Hartig 2001; Class et al. 2011; Laszlo et al. 2013), as well as

persecution and threats of violence (Lauderdale 2006). These events have been tragically



common in Colombia (Franco et al. 2006) and many other conflict-ridden countries. War-
related trauma may have intergenerational impacts through epigenetic transmission resulting

in harmful birth outcomes (Seng et al. 2011).

We also propose a fifth pathway linking armed conflict to birthweight; anecdotal evidence
from Colombia reports an increase in adverse birth outcomes among women who live near
coca cultivation areas. This is thought to be due to the chemicals found in pesticides to keep
coca plants alive as well as anti-coca fumigation that have been distributed by aircraft as a
part of the government’s eradication program Plan Colombia since 2000 (Chaparro Gonzalez
et al. 2015). Glyphosate is one of the active ingredients used in both weeds and coca
eradication compounds (Benner, Mena, and Schneider 2016). The teratogenicity (ability to
cause birth defects) of glyphosate-based herbicides remains controversial (de Araujo,
Delgado, and Paumgartten 2016; Paganelli et al. 2010; Parvez et al. 2018; Pu et al. 2020;
Ruiz-Toledo et al. 2014; Ruuskanen et al. 2020). Nevertheless, an increase in medical
consultations due to miscarriages, respiratory illnesses, and dermatological illnesses was
documented in relation to the fumigation carried out in Plan Colombia (Camacho and Mejia
2017). Higher glyphosate levels in pregnant women have also been associated with shortened

gestational lengths (Parvez et al. 2018).

We expect some of these mechanisms to be mutually reinforcing. For example, poverty and
food insecurity will likely cause additional stress (Piperata et al. 2020), and further reductions
in access to healthcare if women cannot pay for transport to clinics or healthcare fees
(Svallfors 2021b). IPV is both likely to cause stress (Ellsberg et al. 2008) and to increase if
women’s intimate partners exert violence as a response to poverty-induced stress (Svallfors
2021a). Women suffering from stress may adopt coping mechanisms such as tobacco and
alcohol consumption, and become less prone to participate in healthy activities such as
physical exercise (Garcia-Moreno et al., 2013), which could increase the risk of adverse birth

outcomes.

Due to the complexity of the mechanisms and the lack of appropriate data to capture the first
four mechanisms, we do not make any claims about which of these mechanisms may or may
not be operative. Instead we explore how the relationship between conflict and birthweight
varies across subgroups of the population (related to mother’s age, residence, and educational
level) to investigate maternal and child health vulnerabilities, and how timing during the three

trimesters matters for this relationship. The trimester-disaggregated approach allows us to



explore which phase of the pregnancy is more vulnerable to hazardous exposures due to
conflict, which may inform antenatal health care interventions as to when pregnant women
living in war zones are most in need of support. In contrast to the first mechanisms, we
directly study exposure to anti-coca fumigation as a proxy for glyphosate-induced health

damages.

Crime and Birthweight

A growing literature has documented consequences for birthweight when pregnant women
live in an area with crime. The relationship holds in US contexts such as Chicago (Mayne et
al. 2013; Matoba et al, 2019; Morenoff 2003) New Orleans (Felker-Kantor et al. 2017),
Raleigh (Messer et al. 2006), and California (Goin et al. 2013), as well as in other countries
such as Brazil (Dos Santos et al. 2021; Foureaux Koppensteiner and Manacorda 2016), Chile
(Zapata et al. 1992), Mexico (Brown 2018), and Scotland (Clemens and Dibben 2017).

Fear and stress are the main mechanisms linking crime and low birthweight in this literature,
whereby biological responses to stressors affect the intrauterine environment and
development of the fetus. This pathway is similar to how conflict is argued to affect
birthweight. The literature provides a discussion of more indirect pathways as well.
Community violence has been associated with loss of sleep (Rosalind et al. 2004), which has
implications for maternal health. In addition, mental health problems can develop and lead to
difficulties achieving dietary needs and in keeping up commitment to prenatal care (Dos
Santos et al. 2021). The distrust that develops in contexts with crime can lead to social
isolation and its health consequences (Morenoff 2003). Living in a crime ridden area can also
affect health behaviors that are relevant to pregnancy outcomes through the use of unhealthy
coping mechanisms such as tobacco, alcohol and drugs (Mayne et al. 2013), lower physical
activity (Messer et al. 2006) as well as through pessimistic expectations related to having a
long life (Morenoff 2003). Brown (2018) argues in the case of Mexico that the increased
crime also negatively impacted household economic circumstances, which can also affect

pregnant women’s nutritional intake.

Socio-Economic Status Differences
Given how low-SES women are usually both most exposed to violence as well as most

vulnerable, we anticipate heterogeneous effects of conflict on birth outcomes.

In Colombia, rural areas have been disproportionately affected by conflict (Franco et al.

2006). Coca is grown as a cash crop, representing the most profitable crop for small



countryside farms (Jansson 2008). Aerial fumigation has been directed toward areas where
coca plantations are grown. Thus, women in rural areas are likely most exposed to both
organized violence and anti-coca fumigation, and thereby also stress and glyphosate-induced

health damages.

Colombian women in rural areas are also more likely to be poor, have lower levels of
education, and have less access to all kinds of state resources including health care (Svallfors
2021b). However, they are less likely to be victimized to intimate partner violence,
potentially because of the lack of anonymity and presence of more traditional structures of
social control in rural areas (Friedemann-Sanchez and Lovatén 2012; Kishor and Johnson

2004; Svallfors 2021a).

Women with lower levels of education are more vulnerable to both armed conflict (Svallfors
2021b) and IPV (Friedemann-Sanchez and Lovaton 2012; Svallfors 2021a). We also expect
them to have less access to financial and health-promoting resources including nutrition and
health care services, and to be more agriculture-dependent, which may place them at higher

risk of exposure to anti-coca fumigation.

Past literature has discussed adolescent pregnancy, which is very common in Colombia, as a
consequence of conflict and inequality (Alzate 2014). In 2010, 20 percent of girls in
Colombia became mothers before the age of 18, and 15 percent before age 16. In rural areas,
almost one-third of girls below 18 have had at least one child, compared to around one-sixth
of girls in urban areas. Adolescent women in rural areas are more likely to have lower levels
of education, be in a cohabiting relationship, and have their first sexual relationship earlier.
They are also less likely to use a condom at first sex or any type of contraception when
married. Even if 75 percent of adolescent women live in urban areas (Martes-Camargo 2015),
those living in the countryside are likely at substantially higher risk of adverse maternal and
child outcomes due to both social and biological factors (such as poverty, IPV, and
immaturity of the reproductive system) (Friedemann-Sanchez and Lovatén 2012; Roth et al.

1998; Svallfors 2021a).

Conflict and Coca in Colombia
Colombia’s armed conflict started in the 1960s and involves the government, paramilitary
groups, organized crime networks, and left-wing guerrilla groups. It was initiated as a

response to elitist and clientelist bipartisan politics, unequal land ownership, socioeconomic



marginalization, and a governmental vacuum in remote areas of the country. In the 1970s,
illicit armed groups started to produce and traffic narcotics as a way to finance military
activities. Coca is used to produce cocaine and is by far the most lucrative crop for small

farmers in Colombia (Jansson 2008).

The Colombian and United States governments launched Plan Colombia in 2000, a military
aid agreement to combat the illicit cultivation of coca. Part of this program was aerial
spraying from US military airplanes. The Colombian and United States governments have
insisted that the aerial spraying of glyphosate is harmless (U.S. Embassy in Colombia n.d.),
which has resulted in a territorial dispute with Ecuador, whose government reports residual
effects on human health and environmental outcomes (Pefiaherrera Colina et al. 2007). The
Colombian government led by President Manuel Santos ceased the use of glyphosate in coca
eradication as of May, 2015 to prevent negative effects on public health. However, the
subsequent government led by President Ivan Duque announced in 2018 the eradication
program would be reinstated, using drones to reduce the amount of glyphosate used (Idrovo

and Rodriguez-Villamizar 2018).

The cocaine production has further fuelled fighting over strategic areas of interest, such as
trafficking corridors and areas where coca can be grown (Jansson 2008). As a result,
Colombia has long had the highest mortality levels in the Western hemisphere because of
conflict (Garfield and Llanten Morales 2004). More than half a million murders were
committed in Colombia 1975-2004, representing a mean of one homicide every half an hour
and 1015 percent of the total mortality rate (Franco et al. 2006). Violence has also taken the
form of forced disappearances, forced displacement, use of antipersonnel mines, and
kidnappings (Franco et al. 2006). The protracted violence in Colombia produces significant
challenges to development. Although Colombia is an upper middle-income country, it has
one of the most unequal income distributions in the world (World Bank 2019). In 2002,
approximately half of the country’s population lived in conditions of poverty and one fifth in
extreme poverty. In 2015, these numbers had diminished to 28 and 8 percent, respectively
(DANE 2016). Despite important progressions in maternal and child health as well as poverty

reduction in the 2000s, regional inequalities remain a major challenge.

The distribution of casualties due to organized violence and anti-coca fumigation in

Colombia’s departments is displayed in Figure 2.
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Figure 2. Distribution of casualties and anti-coca fumigation in Colombia’s departments

Note: Each dot is an event of organized violence and a bigger size indicates more casualties
in that event. Darker colors indicate higher levels of fumigation measured in hectares.

Hypotheses

Based on the discussion above, we test the following hypotheses:

e Hypothesis 1: The more exposed a mother is to organized violence, the lower the

birthweight of her child.
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e Hypothesis 2: The more exposed a mother is to anti-coca fumigation, the lower the
birthweight of her child.

e Hypothesis 3: The negative effect of conflict on birthweight is stronger for teenage
mothers.

o Hypothesis 4: The negative effect of conflict on birthweight is stronger for mothers
residing in rural areas.

e Hypothesis 5: The negative effect of conflict on birthweight is stronger for mothers

with lower levels of education.

Health-protective behaviors such as increased antenatal care could reduce the probability of
harmful birth outcomes such as low birthweight (Torche and Villarreal 2014)!. But this is not
what we anticipate in Colombia since health care services seem to suffer from conflict-related

destruction and decay (Svallfors 2021b).

In Colombia, exposure to glyphosate during pregnancy has been associated with higher risk
of preterm birth (Parvez et al. 2018) and miscarriage (Camacho and Mejia 2017). Any
relationship that we might observe between fumigation and birthweight is net of gestational
length and survival. This positive selection into live birth and removing the gestational length

effect of fumigations means we will likely not find a very strong correlation.

Research Design

Data and Sample
Five sets of data are combined to evaluate the relationship between armed conflict and

birthweight.

The Demographic and Health Surveys (DHS) contain information about women’s health,
their pregnancies, and the timing of births and health of those children (DHS 2005, 2011,
2017). We pool three rounds of data from the Colombian DHS 2004/05, 2009/10 and 2015/16

to enable long-term analyses.

In our sample the unit of analysis is woman-pregnancy, restricted to births in the five years
preceding the interview due to the lack of birthweight information related to other births.

Only surviving children and mothers are included, likely leading to an underestimation of the

! This finding could, however, be an artifact of not observing pregnancies during the surge of drug-related
violence in Mexico, but only afterwards (Brown 2018).
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impact of war on children’s health. Only pregnancies resulting in a singleton birth are
included, since multiple births are almost exclusively lower weight. Births with unclear
timing and mothers with unclear ages constituted a negligible share and were removed from
the sample. We limit our sample to births during the years 20002016 due to data
availability, and to mothers with at least two live births during observation (the last five
years) due to the maternal fixed effects approach presented in the following section. The
analytical sample excludes pregnancies to women who changed residence during pregnancy
to correctly assign exposure. These inclusion criteria result in a sample of 4,291 births by

2,048 mothers. For an exclusion flowchart, see the Appendix (Figure A).

The Uppsala Conflict Data Program Georeferenced Event Dataset (UCDP-GED) captures
organized violence events in which at least one person was killed, based on news reports and
other secondary sources, with information about the location and timing of those events.
UCDP-GED is relatively conservative in measuring the magnitude of violence, but
advantageous for sub-national analyses (Croicu and Sundberg 2018; Eck 2012; Restrepo et
al. 2006; Sundberg and Melander 2013).

The dataset Eradication of Illicit Plants was collected by the Colombian Anti-Narcotics
Police (DIRAN), a special unit inside the Colombian National Police in charge of most of the

design and implementation of Plan Colombia.

El Sistema Integrado de Monitoreo de Cultivos Ilicitos (the Integrated Illicit Crops
Monitoring System; SIMCI) offers information from the year 2000 about the location and
quantity (in hectares) of coca plantations. The information is collected from satellite pictures

of the entire Colombian territory, measured December 31 annually.

Population density at the municipality level is collected from the Colombian governmental

agency Departamento Nacional de Planeacion’s database TerriData.

We link these datasets by the administrative subdivision where the respondent resided at
interview and the events of violence and fumigation occurred. This is done matching monthly
fumigation and violence data at the respondent’s location to each pregnancy during both the
full pregnancy and each trimester. We use two alternative geographic levels — smaller
municipalities and larger departments — to enable comparisons of how location matters for
the relationship between conflict and birthweight. This approach allows us to investigate how
exposure to deleterious exposures related to conflict (violence and fumigation) during

pregnancy as well as each trimester correlates with birth outcomes (birthweight).
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Since the cultivation data is only available annually and not monthly, we cannot distinguish
between trimesters when measuring exposure to local coca cultivation. For this reason, we

treat the coca cultivation indicator as a control variable, rather than an exposure variable.

Variables

The focal independent variables capture exposure to organized violence, coca cultivation and
anti-coca fumigation in the respondent’s home municipality and region. We use Akaike’s
Information Criterion (AIC) to examine the relevance of the multiple violence and fumigation
indicators. Exposures are measured at two geographical levels (municipality and department)
with different functional forms (continuous, categorical® and binary? specifications) during
the three respective trimesters (assigned according to the gestational length of the pregnancy).
The indicators that contributed most to model fit were at the department level. We use
continuous measures of the number of casualties in events of organized violence and the
number of coca hectares present, and categorical measures of zero, low or high anti-coca
Sfumigation level. A list of all indicators we tested is available in the Appendix. Regression

models with other indicators are available upon request.

We expect the independent variables to be interlinked. Concentration of coca cultivation
indicates both the presence of both armed groups and organized crime networks as well as the
exposure to pesticides used to keep plants alive. The satellite images of coca cultivation are
analyzed by computer programs and experts to distinguish coca plants from other crops when
planning for aerial spraying of glyphosate. In our sample, 29 percent of pregnancies were
exposed to both organized violence and anti-coca fumigation; 45 percent to both coca
cultivation and fumigation; and 29 percent to all three. In other words, although there is
overlap between the types of exposure, there are also many pregnancies that were not

exposed to two or all three hazards of conflict*.

Since the coca cultivation data is collected at the end of each year, we use the average of the
current and previous years to estimate the yearly coca cultivation intensity (Camacho and

Mejia 2017). Women’s exposure is calculated during the full pregnancy the year they were

2 The categorical violence variables were divided into three levels: zero violence, and two levels of violence
split 50/50 into a low and high distribution of casualties.
3 The binary violence variables measured whether there were any events of organized violence.

* When we look at each trimester separately, around 14 percent of the sample were exposed to both organized
violence and anti-coca fumigation.
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pregnant. Women whose pregnancies spanned two calendar years are given a value

corresponding to the average between the two years they were pregnant.

Our dependent variable birthweight is measured continuously in grams. 21 percent of the
pregnancies had birthweight reported from a written health card, and 79 percent from
mother’s recall (not shown). A histogram with the birthweight distribution in our sample and
the full population is available in the Appendix (Figure B), as well as a discussion about
birthweight heaping (Boeke et al. 2012).

Controls include birth order of the child, the mother’s age at birth because pregnancies at
very low or high ages would be more at risk of adverse outcomes, and gestational length to
isolate the risk of LBW from preterm delivery . Birthweight and gestational age are
intimately linked and have shown to independently impact offspring outcomes (Juérez et al.
2016; Wilcox and Skjaerven 1992); the causal relationship between birthweight and
gestational age remains unclear as intrauterine growth has been shown to impact gestational
duration (Kramer 1987; Zeitlin et al. 2000). We distinguish between pregnancies that spanned
5-6, 7, 8, 9 or 10 months. Gestation was self-reported in monthly format and the vast

majority of pregnancies spanned 9 months.

To explore heterogeneous effects in the relationship between exposure to conflict and
birthweight, we stratify the sample by three separate variables. First, we explore whether it

was a teen pregnancy, defined as the mother being 19 years old or younger at the time of

birth.

Second, mother’s #ype of place of residence, in which urban is defined as respondent “living
in a nucleus of 1,500 or more inhabitants” (Montgomery, 2003, 491). We use three
categories: rural, urban with low population density (<50 inhabitants per km2), and urban
with high population density (50+ inhabitants per km?2). In alternative analyses presented in
the Appendix (Table J), we use the simple rural/urban distinction as well as distinguish
between low- and high-population density areas in which the latter category is defined as
having 100 or more inhabitants per km2. The variable used in the main paper improved
model fit more. The population density information is fixed for 2010 due to the lack of data

prior to this year.

Third, mother’s educational level is time-varying and constructed from the items capturing
the highest level of education achieved at time of interview, whether the respondent was in

education at interview, respondent’s age, and the typical age at graduation in Colombia. The

15



time-varying educational variable comes with some limitations, as it is based on an
assumption of a quite rigid educational system with no study breaks, repeating of school
years, or earlier/postponed entries into the school system. The variable approximates whether

women had finished primary, secondary or tertiary school at the birth of each child.

We do not control for child’s birth year to avoid an age-period-birth cohort (APC)
collinearity bias since mother’s birth year (captured in the fixed effects) and age at birth are
equal to child’s birth year, which in turn determines assignment to treatment (for a further
discussion on APC issues in fixed effects models, see Holford 2006; Kravdal 2019; Wilson et
al. 2021). Mother’s age at birth adds more to model fit and is an important indicator of SES.
Child’s birth year did not contribute to the model net of the mother’s age at birth.

Descriptive statistics of the sample of pregnancies are displayed in Table 1.

16



Table 1 Descriptive statistics of the sample population

Variable Value Frequency Percent
Fumigation level during:
First trimester Zero 3,389 78.98
Low 478 11.14
High 424 9.88
Second trimester Zero 3,293 76.74
Low 542 12.63
High 456 10.63
Third trimester (b) Zero 3,310 77.88
Low 512 12.05
High 428 10.07
No third trimester 41 0.96
Full pregnancy  Zero 2,762 64.37
Low 831 19.37
High 698 16.27
Mother's age at birth 12-19 1,281 29.85
20-24 1,601 37.31
25-29 818 19.06
30-34 394 9.18
35-39 161 3.75
40-49 36 0.84
Gestational length 5-6 months 41 0.96
7 months 97 2.26
8 months 532 12.40
9 months 3,619 84.34
10 months 2 0.05
Teen pregnancy No 3,010 70.15
Yes 1,281 29.85
Type of place of residence  Rural 1,434 33.42
Urban low density 886 20.65
Urban high density 1,921 44.77
Urban density missing 50 1.17
Mother's educational level Primary or lower 1,787 41.65
Secondary 2,137 49.80
Tertiary 367 8.55
TOTAL 4,291 100.00
Standard
Variable Observations Mean deviation Minimum Maximum
Casualties during:
First trimester 4,291 8.78 21.04 0 305
Second trimester 4,291 8.71 21.08 0 305
Third trimester (b) 4,250 7.61 18.46 0 305
Full pregnancy 4,291 25.02 51.83 0 581
Coca hectares 4,291 2382.28 4957.85 0 62159.69
Birth weight 4,291 3217.95 603.19 500 7000
Birth order 4,291 1.57 .58 1 4

(b) The sample size for conflict exposure is somewhat lower during third trimester because pregnancies
ending in live birth after five or six months did not have a third trimester.
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Models
We conduct linear regressions to estimate how exposure to local violence and coca

plantations relate to weight at birth.

Mother-fixed effects are used to rule out unobserved heterogeneity based on factors that do
not vary across women’s pregnancies. Our results should therefore not be driven by
unobserved, time-invariant compositional differences between mothers that correlate with
birth outcomes. Those characteristics include genetics, ethnicity, location, and age at first
birth. The fixed effects do not control for endogeneity emerging from time-varying
unobserved variation that is not captured by period, birth order, or birth cohort of mother and
child. Still, much of this time-varying unobserved variation may be attributable to the

mechanisms of the exposure (conflict) and not necessarily confounders.

Five stepwise model specifications were estimated. Model 1 adjusted for birth order and the
gestational length of the pregnancy only, analyzing the impact of exposure to violence and
anti-coca fumigation during the full pregnancy. Model 2 added mother-fixed effects and age
at childbirth. Model 3 broke down the violence and fumigation exposure variables into three
exposure windows, corresponding to each trimester. In Models 4-6 we explored
heterogeneous effects according to, respectively, mother’s type of place of residence, whether
the pregnancy was to an adolescent mother, and mother’s level of education. We split the
sample across these three variables, rather than add interaction effects, because an interaction
based on time-constant and time-varying covariates may not yield an accurate within-unit
estimate in fixed effects models (Giesselmann and Schmidt-Catran, 2020). We use predicted
probabilities to assess the social significance of findings from Models 4-6. Finally, Model 7
estimates the effects of intrauterine exposures for children born to the most vulnerable
mothers we identified: adolescent girls with low education in urban areas exposed to

organized violence. We present predicted probabilities for this specific group.

Results

Estimates of the relationship between intrauterine exposure to organized violence and anti-
coca fumigation on birthweight are presented in Table 2. Models 1.1-2.2 explores this
relationship throughout the full pregnancy, and Models 3.1-4.2 disaggregated by trimester.

In the most basic Model 1.1, without maternal fixed effects or age at childbirth, exposure to

violence during pregnancy relates positively to birthweight, but the finding is not statistically
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significant. After introducing fixed effects and age at childbirth in Model 2.1, there is a
statistically significant negative association between exposure to violence during pregnancy

and birthweight, by -0.75 g per additional battle casualty.

Exposure to low levels of fumigation was positively and significantly associated with
birthweight by 55 g in Model 1.2, but these findings do not hold once we introduce fixed
effects. Instead, the relationship is negative and statistically insignificant. Focusing on point
estimates, we find no substantial difference between low and high fumigation levels, which

implies that any level of fumigation is potentially harmful.

The change between the models in the effect direction means that maternal or local effects on
birthweight were correlated with conflict casualties and fumigation. Since these models
control for gestational length of the pregnancy, this indicates that a mother’s exposure to
organized violence is indeed detrimental to the intrauterine growth of her children, in support

of Hypotheses 1.

The maternal fixed effects’ error term accounts for 50 to 60 percent of the variation in
birthweight according to Rho (not shown). It suggests that the fixed effects are an important

addition to the model.
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Table 2 Regression models of the associations between birth weight and exposure to organized violence and
anti-coca fumigation during pregnancy

Full pregnancy
(n=4,291)
Model 1.1
Casualties 0.24 (0.20)
Model 1.2
Fumigation level (ref.=no fumigation)
Low 54.73* (23.83)
High 32.93 (31.53)
Model 2.1
Casualties -0.75**  (0.28)
Model 2.2
Fumigation level (ref.=no fumigation)
Low -33.81 (33.33)
High -45.66 (45.19)
Trimester 1 Trimester 2 Trimester 3
(n=4,291) (n=4,291) (n=4,250)
Model 3.1
Casualties 0.56 (0.45) 0.37 (0.54) 0.72 (0.51)
Model 3.2
Fumigation level (ref.=no fumigation)
Low 743  (27.83) 9.28 (25.76) 15.05 (30.75)
High -30.71 (32.78) 15.69 (31.87) -6.22 (28.96)
Model 4.1
Casualties -1.41*  (0.68) -1.76*** (0.53) -0.14 (0.68)
Model 4.2
Fumigation level (ref.=no fumigation)
Low -31.56 (33.07) -40.09 (31.36) -52.72 (34.68)
High -47.12  (39.74) 1.79  (37.16) -74.07* (37.28)

***kp < (0.001, ** p < 0.01, *p < 0.05, ref.=reference. Standard errors clustered by mother in parentheses. All
models adjust for birth order and gestational length. Models 2.1, 2.2, 4.1 and 4.2 include mother fixed effects
and mother's age at childbirth. Models 1.2, 2.2, 3.2 and 4.2 control for coca cultivation during the year(s) of

pregnancy.

Next, we break down the relationship further by looking at exposure during the three
trimesters separately. Again, the association between violence and birthweight is first positive
and insignificant in the basic Model 3.1, but negative and significant when adding fixed
effects and age at childbirth in Model 4.1. We find that the prior result was driven by
exposure to violence during the first and second trimesters, by -1.41 and -1.76 g respectively

per additional casualty.

In Model 3.2, there are no significant relationships, but these results do not hold when we add
fixed effects and mother’s age at birth in Model 4.2. According to the latter, point estimates
are more consistently negative for birth weight, with similar magnitude for low and high

exposure, excluding the second trimester. The only estimate to be considered reasonably
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statistically significant was exposure to high levels of fumigation during the third trimester,
which was associated with a -74 g reduction compared to no exposure. This finding supports

Hypothesis 2.

In other words, the coefficients in Models 2.1 and 2.2 were diminished because the effects
were averaged out over all three trimesters, which obscured the insignificant relationship in
the third trimester with casualties and the significant relationship in the third trimester with

fumigation.

Table 3 Predicted birth weight in grams by exposure to organized violence and anti-coca fumigation

Model 4.1 Trimester 2 (n=4,291)
Casualties

0 3233 g (3224-3242 ¢)
150 2969 g (2823-3115 g)
300 2706 g (2405-3007 g)
Model 4.2 Trimester 3 (n=4,250)
Fumigation level (ref. = no fumigation)

No 3243 g (3232-3255¢g)
Low 3136 ¢ (2945-3327 g)
High 3029 g (2635-3423 g)

***p <0.001, ** p <0.01, *p < 0.05, ref.=reference. Confidence intervals in parenthesis. The
predictive margins are derived from Models 4.1 and 4.2 in Table 2. Adjusted for mother fixed
effects, birth order, gestational length, and mother's age at childbirth. Model 4.2 controls for coca
cultivation during the year(s) of pregnancy. Controls are adjusted at their mean values.

To estimate the social significance of these findings, we use predicted probabilities derived
from Models 4.1 and 4.2 presented in Table 3. The predicted margins are based on the mean
values in the control variables and for the trimester that displayed the most sensitivity to each
respective external shock. These predictions show a negative gradient in weight at birth over
exposure to both violence and fumigation with violence showing a markedly steeper gradient.
However, confidence intervals indicate that having any conflict violence is more predictive of
a lower birth weight than the difference between different thresholds of casualties. For

fumigation, all confidence intervals overlap.

Children born to mothers who were not exposed to violence weigh on average 3233 g, i.e.,
close to the mean weight at birth of 3218 g for the full sample (see Table 1). By comparison,
those born to mothers exposed to the highest observed value of organized violence (300
deaths) during the second trimester weigh on average 2706 g. Although extrapolating to 300
casualties may include only a small portion of our sample (as shown in the Cls), it is a level

of casualties that is not uncommon in contexts of armed conflict more generally. When it

21



comes to fumigation, the predicted estimates are 3242 g for the unexposed and 3029 g for
children born to mothers that were exposed to high levels during the third trimester. The
average difference of 527 and 213 g between the exposed and the unexposed of, respectively,
violence and fumigation is not large enough to push exposed children beneath the clinical
definition of low birthweight (at 2500 g) but may nevertheless place them at a disadvantage

in terms of future health and SES outcomes.

Heterogeneous Effects

Next, we test Hypotheses 3—5 to explore whether these relationships vary by subgroups of the
population. More specifically, we split the sample according to whether the mother was a
teenager, type of place of residence, and mother’s highest level of education. These models

all apply a fixed effects approach and are displayed in Table 4.
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Table 4 Regression models of the associations between birth weight and exposure to violence and anti-coca fumigation during
pregnancy, by subgroups of the population

Subgroup Trimester 1 Trimester 2 Trimester 3
Model 5.1 Teen pregnancy
Casualties No -1.17 (0.67) -0.71 (0.69) 1.23 (0.78)
Yes -2.97 (2.35)  -4.21%**  (1.26) -3.32% (1.64)
Model 5.2
Fumigation level (ref.=no fumigation)
Low No -38.88 (39.19) -66.62 (40.06) -61.22  (39.97)
High -18.16  (55.02) -17.16 (45.71) -88.22  (49.96)
Low Yes 27.24 (82.05)  53.20 (71.05)  41.53 (78.12)
High -66.89  (82.83)  66.83 (86.04) -69.36 __ (70.90)
Model 6.1 Residence
Casualties Rural 0.49 (1.41) -1.01 (0.80) 1.37 (1.07)
Urban low density ~ -3.95%*  (1.38) -2.32 (1.63) -2.66% (1.31)
Urban high density  -1.57 (0.84) -2.17**  (0.72) -0.50 (1.08)
Model 6.2
Fumigation level (ref.=no fumigation)
Low Rural -77.97  (57.37) 11.14 (57.57) -121.99* (56.24)
High -7598  (73.71)  74.10 (61.45) -78.47  (64.55)
Low Urban low density ~ -88.75  (81.10) -74.64  (67.14) -82.70 (84.19)
High 26.00 (76.07) 9952 (73.45) -8846 (71.67)
Low Urban high density ~ 30.72 (46.00) -67.49  (44.87) 8.89 (53.76)
High -100.47  (63.49) 8.10 (60.41)  -86.76  (59.18)
Model 7.1 Education
Casualties Primary or less -2.59* (1.16) -2.79*%**  (0.72) -0.47 (0.95)
Secondary -0.77 (1.01) -1.54 (0.92) 0.63 (1.18)
Tertiary -0.05 (1.64) 1.44 (2.01) -3.62 (3.46)
Model 7.2
Fumigation level (ref.=no fumigation)
Low Primary or less -4764  (61.17) -33.18  (59.84) -122.17* (58.65)
High -64.54  (68.80) 17.05 (68.29) -99.41  (57.38)
Low Secondary -8.03 (53.15) -47.28  (46.65) -13.50  (56.79)
High 3.24 (68.88) -1.65 (58.17)  -80.81  (65.35)
Low Tertiary -30.19  (103.15) -98.77 (108.59) -196.08* (79.35)
High -133.92  (135.55) -38.45 (114.14) -15.69 (137.97)

##¥p < 0.001, ** p < 0.01, *p < 0.05, ref =reference. Standard errors clustered by mother in parentheses. All models adjust for
mother fixed effects, birth order and gestational length. Models 5.2, 6.2 and 7.2 control for coca cultivation during the year(s) of
pregnancy. All models except 5.1 and 5.2 control for mother's age at childbirth. In Models 6.1 and 6.2, high population density is
defined as a municipality with more than 50 inhabitants per km2.

Exposure to violence during second and third trimesters links to lower birthweight for
teenage mothers, by around -3 to -4 g per additional casualty (model 5.1), which is more than
four times the effect we saw for the whole sample. There is also a health penalty of exposure
to organized violence for urban mothers regardless of the population density in the
municipality of residence, by around -2 to -4 g per additional casualty (model 6.1). In low-
density urban areas, the effects during first and third trimesters are significant. In high-
density areas, it is the second trimester that appears to matter, although there is no substantive
difference between the point estimates for the first and second trimesters. For children born to

mothers with primary or lower levels of education, exposure to violence during the first and
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second trimesters is associated with around a -2.7 g reduction in birthweight per casualty

(model 7.1).

Exposure to low levels of fumigation is significantly negative for birthweight in rural areas (-
122 g, Model 6.2) and among mothers with primary or tertiary education (-122 or -196 g,
Model 7.2). All significant effects of fumigation can be found during the third trimester.
Exposure to high levels of fumigations is not significantly related to birthweight for any
sociodemographic groups. We find the greatest precision of estimates for low fumigation
levels and the third trimester, even if point estimates are often similar for high fumigation

levels.

Due to the fixed effects and split sample approach, our teen pregnancy variable captures
women who had only adolescent pregnancies during observation, not those who had at least
one. Since adolescent pregnancy is so common in Colombia, as in many other low- and
middle-income contexts plagued by armed conflict, we believe this analysis has merit despite
the selective sample. In the Appendix we discuss an alternative approach to investigating how
teenage pregnancy matters for the effect of conflict on birthweight (see Table I). The strong
health penalty of violence in the second trimester holds for women who have only one

teenage pregnancy.

Looking at the overall picture emerging from Table 4, not all point estimates operate in the
expected direction in these stratified models. For example, we find substantial positive
coefficients related to casualties for the third trimester for non-teenage pregnancies and for
those occurring in rural areas, as well as for tertiary educated women in the second trimester.
These counterintuitive findings are not statistically significant, which is likely due to smaller

samples and loss of power.

Table 5 shows predicted probabilities derived from the corresponding models in Table 4,
zooming in on the trimester that was most affected. Regardless of SES, the children that we
observe are not terribly affected by fumigation, as all groups range between 3106-3376 g on
average at birth.
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Table 5 Predicted birth weight in grams by exposure to violence and fumigation across subgroups of the population

Teen pregnancy

No

Yes

Model 5.1

Casualties (second trimester)
0

150

300

3243 g (3252-3255g)
3136 g (2945-3327 g)
3029 ¢ (2635-3423 g)

3211g (3189-3234 g)
2580 g (2231-2928 g)
1948 g (1228-2668 g)

Model 5.2

Fumigation level (third trimester)
No

Low

High

3270 g (3251-3288 g)
3220 ¢ (3153-3286 g)
3184 ¢ (3078-3289 g)

3189 g (3159-3220 g)
3240 g (3103-3377 g)
3168 g (3038-3299 g)

Type of place of residence

Rural

Urban low density

Urban high density

Model 6.1

Casualties (first trimester)
0

150

300

3224 g (3198-3249 g)
3297 g (2908-3687 g)
3371 g (2566-4175 g)

3277¢g (3256-3299 g)
2685 g (2300-3069 g)
2092 g (1302-2882 g)

3215g (3199-3230 g)
2979 g (2746-3213 g)
2744 g (2263-3225g)

Model 6.2
Fumigation level (third trimester)
No

Low

High

3249 g (3215-3282 g)
3160 g (3067-3252 g)
3234 g (3065-3403 g)

3292 ¢ (3255-3328 g)
3217¢ (3080-3354 g)
3182 (30523312 g)

3225 g (3203-3246 g)
3256 g (3165-3347 g)
3181 g (3029-3333 g)

Mother's level of education

Primary

Secondary

Tertiary

Model 7.1

Casualties (second trimester)
0

150

300

3232 g (3217-3247 g)
2813 g (2618-3008 g)
2394 g (1988-2799 g)

3245 g (3231-3258 g)
3014g (2759-3270 g)
2784 g (2259-3309 g)

3202g (3181-3224 g)
3418 g (2849-3987 g)
3634 g (2474-4793 g)

Model 7.2

Fumigation level (third trimester)
No

Low

High

3233 g (3209-3258 g)
3127 g (3029-3225 g)
3186 g (3078-3295 g)

3263 g (3240-3286 g)
3247g (3153-3341 g)
3168 g (3035-3302 g)

3254g (3192-3316 g)
3106 g (2953-3259 g)
3376 g (2987-3766 g)

*¥%p < 0,001, ** p < 0.01, *p < 0.05, ref.=reference. Confidence intervals in parentheses. The predictive margins are
derived from corresponding Models presented in Table 4. Adjusted for mother fixed effects, birth order, and gestational
length. All models except 5.1 and 5.2 control for mother's age at childbirth. Models 5.2, 6.2 and 7.2 control for coca

cultivation during the year(s) of pregnancy. In Models 6.1 and 6.2, high population density is defined as a municipality with
more than 50 inhabitants per km2. Controls are adjusted at their mean values.

The children who fare worst among all groups under analysis are those from teenage mothers
exposed to high levels of organized violence during the second trimester, in accordance with
Hypothesis 3 (but only with respect to violence, not fumigation). Whereas unexposed
mothers do not differ notably in terms of age at birth, children born to highly violence-

exposed teenage mothers weigh on average 1263 g less than the unexposed.

Similarly, there is no spatial segregation in weight at birth among the unexposed, who are all
average-weight, regardless of type of residence. But children born to urban mothers residing
in either low- or high-population density areas exposed to high levels of organized violence
during the first trimester weigh on average 1187 or 471 less, respectively, which is surprising

since rural mothers were expected to fare worse according to Hypothesis 4. Given that stable
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geographical factors are netted out by fixed effects, these differences only reflect time-

varying variation in rural and urban areas.

The same pattern can be found for educational differences; the unexposed children weigh
close to the average weight at birth regardless of mother’s educational level, but exposed
children from mothers with little to no education weigh more than 800 g less at 2394 g. Also
among those with secondary education, there is a gradient in birthweight over conflict and the
highly exposed weigh almost 500 g less. We thus find support of Hypothesis 5. It seems,
then, that women with lower SES are more vulnerable to the mechanisms linking conflict to

low birth weight.

To investigate further how various vulnerabilities may intersect, we look at marginal effects
for the group that seem to be most at risk from exposure to violence (Table 6): adolescent
mothers with low education in urban areas. Here, we group pregnancies to mothers in all
urban areas regardless of population density. Also in this unique group, mothers who are not
exposed to organized violence give birth to average-sized children. But children born to the
most exposed mothers in this demographic weigh on average 1623 g, which is well under the

low birthweight threshold and constitutes a substantial health penalty.

Table 6 Predicted birth weight in grams by exposure to violence among adolescent mothers
with low education in urban areas (regardless of population density in municipality)

Model 7 Trimester 2 (n=650)
Casualties

0 3221 g (3182-3261 g)
150 2422 g (1869-2975 g)
300 1623 g (477-2769 g)

*¥*p <0.001, ** p<0.01, *p < 0.05, ref.=reference. Confidence intervals in parentheses.
Adjusted for mother fixed effects, birth order, and gestational length. Controls are adjusted at
their mean values.

Limitations

Information on birthweight was limited by mother’s knowledge and some children not having
been weighed after birth. While there was no selection bias according to department,
residence or age at birth, mothers with primary education or lower were substantially more
likely not to report birthweight. This may have been due to mother’s illiteracy and/or giving
birth outside of medical facilities. We attempted to avoid this potential selection bias by

stratifying the sample according to education as well as by excluding women with only
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primary education or lower (see Table F in the Appendix). Removing women with lower
education from the sample weakened the relationship as would be expected if the detrimental
effects of conflict on birthweight are driven by women with lower SES, as displayed in
Tables 5 and 6. The health penalty we observe related to this vulnerable group may be
underestimating the full effect if we were able to avoid the loss of those who did not report a
birth weight, particularly if this is due to differences in literacy or medical intervention into

childbirth.

Our models did not account for any meteorological drift by which fumigation could spill over
into neighboring regions and from rural to urban areas (Benner, Mena, and Schneider 2016),
nor spatial diffusion of conflict by which battle violence in one area could spill over to
neighboring regions (Gleditsch and Weidmann 2012). Measuring exposure in larger
departments rather than smaller municipalities likely remedies this problem to a certain, but
unmeasurable, extent. Our analysis also did not investigate ecological crises such as droughts
and food production shortages, even if these are likely to affect nutritional intake and

intrauterine growth (Bozzoli and Quintana-Domeque 2014).

Our data do not contain detailed information about women’s migration histories, which poses
a challenge to exposure identification. The only available information is the number of years
women have lived in the place of residence at interview, from which it is possible to infer the
year of relocation®. Even if we excluded women who reported a move during pregnancy from
the sample, respondents may not disclose shorter moves and returns. It is also not known
whether women moved within the same administrative unit or not. Past research shows that
aerial eradication spraying does not relate to selective migration (Camacho and Mejia 2017).
Conflict is, however, a known driver of migration including forced displacement albeit not

uniformly (Verwimp et al. 2020; Williams et al. 2021).

We did not explore how the relationship between armed conflict and birthweight differed
depending on the gender of the child. Boys are expected to be more sensitive to adverse
intrauterine exposure than girls (Dagnelie et al. 2018; Quintana-Domeque and Rédenas-

Serrano 2017; Valente 2015). But same-sex sibling models over-sample families with three

3 There is no information in the Colombian DHS about previous place of residence that may enable analyses of
how rural-urban migration influences birth outcomes (cf. @stby 2016a) nor about the distance to a healthcare
facility (cf. Karra, Fink, and Canning 2017). We cannot assess the issue of displacement because data on this
was only available in the 2010 survey round and thus not used here (cf. Friedemann-Sanchez and Lovaton
2012).
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children or families who have same-sex siblings, which hinders generalizability to the whole

population and may introduce unknown sources of selectivity bias.

Women may lose access to health care and adopt health-protective behaviors due to conflict.
However, we could not use an indicator of antenatal care visits due to a lack of variation
when combining the fixed effects, pregnancy characteristics and birthweight in stratified
models by antenatal care. We could also not investigate the relevance of giving birth in or

outside a healthcare facility, as this information was not available in the Colombian DHS.

Family income or wealth were not available as time-varying indicators, and therefore not
included as controls but instead picked up by the mother-fixed effects to the extent that these
are stable over time. Father’s characteristics are not included, which may be important if
there are systematic differences by geographical location or due to homogamy according to
SES. To the extent that all observed pregnancies are to the same father, these are also
adjusted with the maternal fixed effects. Additionally, paternal characteristics tend to be less

relevant than maternal (Mattsson and Rylander 2013; Shah 2010).

Discussion

We found that pregnant women’s exposure to organized violence and aerial anti-coca
fumigation of glyphosate in the context of armed conflict was linked to lower weight at birth,
net of gestational length. This suggests that multiple harmful factors that Colombian women
face during pregnancy lead to a reduction in fetal growth. The results corroborate Camacho’s
(2008) findings for birthweight reductions in relation to landmine explosions in Colombia, by
also looking at non-institutional births and a more comprehensive definition of organized
violence. In relation to other pregnancy outcomes, our conclusions are also in line with
Camacho and Mejia’s (2017) report of an increased risk of pregnancy complications ending
in miscarriage due to fumigation. While an increase in miscarriages due to fumigation
represent a culling effect, our results are indicative of a scarring effect on live-born children
through lower birthweight that may impair their future health and SES outcomes. This
supported our Hypothesis 1.

Even if the results for conflict were more consistent, fumigation is not necessarily a
negligible factor given the large amount of evidence that points towards negative future

outcomes for children born lower-weight. Thus, we find partial support for Hypothesis 2. It is
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also possible that fumigation has other detrimental effects to health than reductions in
birthweight. For example, our results are net of gestational length, and it is possible that
fumigation increases the risk of preterm birth. We already know that higher levels of
glyphosate in pregnant women have been associated with shorter gestational length (Parvez et
al. 2018) and that fumigation in Colombia correlates with an increase in the risk of
miscarriage (Camacho and Mejia 2017). The latter finding suggests that our sample is likely
positively selected and thus may be more robust to the adverse health effects of fumigation.
We were not able to investigate gestational length as an outcome due to the lack of detailed
information on gestational length in the data. Potential selection effects into live birth means

that the findings reported here should be regarded as floor effects.

We found that the relationship between birthweight and violence was driven by exposure
during the first and second trimesters, and between birthweight and fumigation during the
third trimester. Past literature suggests that the first trimester is most sensitive to mother’s
stress (Mulder et al. 2002) and the third trimester is most sensitive to harmful effects on fetal
growth, such as nutritional deficiencies (Bozzoli and Quintana-Domeque 2014). Even if we
cannot make any conclusive interpretations on which mechanism is operative to drive the
relationships due to a lack of data, it is clear that timing matters. This finding underscores the
need for future research to disaggregate pregnancy outcomes from hazardous exposures by

trimester.

Our findings also point towards teenage mothers as a particularly vulnerable group in terms
of hazardous exposures during pregnancy, in line with Hypothesis 3. Since adolescent
fertility is relatively common in Colombia, our findings emphasize the need to support young
women’s family planning and maternal health needs. This is especially important in Latin
America, where both teenage pregnancies and organized violence are common. Past literature
has discussed adolescent pregnancy as a consequence of conflict and inequality (Alzate
2014). Our study adds to knowledge by empirically demonstrating that maternal and child

health is negatively affected by exposure to conflict among teenage mothers.

It is clear that space matters for health outcomes. We expected in Hypothesis 4 that rural
women would be more vulnerable to the effects of armed conflict than women living in the
countryside. This seems to be true regarding fumigation exposure, but not organized
violence. The only information about spatial segregation available in the DHS is the type of

place of residence: urban vs. rural. But the urban poor in peripheral parts of cities often face
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bigger health risks than rural and city center dwellers, and in Latin America residents in
smaller cities are disadvantaged in comparison to residents of large cities in terms of public
services (Montgomery et al. 2003). We distinguished between urban areas with low or high
population density to further unpack these differences. Our results suggest that those living in
cities are at more risk from violence, regardless of the population density in the municipality.
This unexpected finding may reflect urban poverty and that smaller urban areas or peripheral
parts of larger cities may be as deprived of public services as rural residences, or are more
poor, stressed, or at risk of interpersonal violence. But it is not possible to tell from the data

what the mechanism behind that differential risk is.

We find support forHypothesis 5; mothers with lower education are more sensitive to
violence compared to those with higher levels of education. This could be reflective of
additional stress, income differentials, intimate partner violence, nutritional deficiencies, and
less access to health care. However, we could not investigate these mechanisms more closely

with the available data.

Finally, we show powerful additive effects of vulnerability to armed conflict on birthweight.
The worst-off group in our sample (children born to adolescent mothers with low education
in urban areas) are substantially lower weight when exposed to organized violence, compared
to their unexposed peers. Our finding underscores the need for an intersectional approach to
research and development initiatives, since multiple social structures shape health conditions

with epigenetic repercussions across the lifecourse.

In conclusion, our findings show that armed conflict is detrimental to maternal and child
wellbeing, which has negative consequences for development (Gates et al. 2012). Our study
has clear policy implications. The Colombian government should — yet again — cease aerial
anti-coca fumigation due to the potentially detrimental health effects on pregnant women and
their children, and take all necessary steps to implement the Havana Peace Accords and
secure peace negotiations with remaining non-state armed actors. This endeavor requires
shifting focus from military to human security, from retributive to restorative justice. In terms
of secondary prevention, efforts should focus on tailoring comprehensive and intersectional
maternal, reproductive and child health interventions to women and children living in the

most conflict-affected areas.
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Online Appendix

Figure A describes a flowchart of the sample selection and final population.

Births five years prior to surveys
in 2004/2005, 2009/2010 and 2015/2016
n=44,136 births to 36,155 women

Sample exclusion/exclusion due to missing
- Births prior to 2000 due to lack of data on
coca fumigation and cultivation (n=59)

- Multiple births (n=670)

- Births to women with unclear age (n=69)
- Births with unclear birth month (n=15)

- Births with missing birth weight (n=11,951)
- Births to women who changed place of
residence during pregnancy (n=12,060)

- Births to women with only one pregnancy
spell, who do now contribute to mother-FE
estimates (n=15,021)

Final sample
n=4,291 births to 2,048 women

Figure A. Selection flow and final population
Table A displays the list of 64 exposure indicators explored in the focal variable selection
according to type of exposure, geographical level, time it covers, and functional form.



Table A List of exposure variables

Exposure Geographic level Timing Functional form
Conflict events Department Trimester 1 Continuous
Conflict events Department Trimester 2 Continuous
Conflict events Department Trimester 3 Continuous
Conflict events Department Full pregnancy Continuous
Conflict deaths Department Trimester 1 Continuous
Conflict deaths Department Trimester 2 Continuous
Conflict deaths Department Trimester 3 Continuous
Conflict deaths Department Full pregnancy Continuous
Conflict events Municipality Trimester 1 Continuous
Conflict events Municipality Trimester 2 Continuous
Conflict events Municipality Trimester 3 Continuous
Conflict events Municipality Full pregnancy Continuous
Conflict deaths Municipality Trimester 1 Continuous
Conflict deaths Municipality Trimester 2 Continuous
Conflict deaths Municipality Trimester 3 Continuous
Conflict deaths Municipality Full pregnancy Continuous
Conflict events Department Trimester 1 Dichotomous
Conflict events Department Trimester 2 Dichotomous
Conflict events Department Trimester 3 Dichotomous
Conflict events Department Full pregnancy Dichotomous
Conflict events Municipality Trimester 1 Dichotomous
Conflict events Municipality Trimester 2 Dichotomous
Conflict events Municipality Trimester 3 Dichotomous
Conflict events Municipality Full pregnancy Dichotomous
Conflict deaths Department Trimester 1 Categorical
Conflict deaths Department Trimester 2 Categorical
Conflict deaths Department Trimester 3 Categorical
Conflict deaths Department Full pregnancy Categorical
Conflict deaths Municipality Trimester 1 Categorical
Conflict deaths Municipality Trimester 2 Categorical
Conflict deaths Municipality Trimester 3 Categorical
Conflict deaths Municipality Full pregnancy Categorical
Coca cultivations Department Year(s) of pregnancy  Continuous
Coca cultivations Department Year(s) of pregnancy  Dichotomous
Coca cultivations Department Year(s) of pregnancy  Categorical
Coca cultivations Municipality Year(s) of pregnancy  Continuous
Coca cultivations Municipality Year(s) of pregnancy  Dichotomous
Coca cultivations Municipality Year(s) of pregnancy  Categorical
Anti-coca fumigations Department Trimester 1 Continuous
Anti-coca fumigations Department Trimester 2 Continuous
Anti-coca fumigations Department Trimester 3 Continuous
Anti-coca fumigations Department Full pregnancy Continuous
Anti-coca fumigations Municipality Trimester 1 Continuous
Anti-coca fumigations Municipality Trimester 2 Continuous
Anti-coca fumigations Municipality Trimester 3 Continuous
Anti-coca fumigations Municipality Full pregnancy Continuous
Anti-coca fumigations Department Trimester 1 Dichotomous
Anti-coca fumigations Department Trimester 2 Dichotomous
Anti-coca fumigations Department Trimester 3 Dichotomous
Anti-coca fumigations Department Full pregnancy Dichotomous
Anti-coca fumigations Municipality Trimester 1 Dichotomous
Anti-coca fumigations Municipality Trimester 2 Dichotomous
Anti-coca fumigations Municipality Trimester 3 Dichotomous
Anti-coca fumigations Municipality Full pregnancy Dichotomous
Anti-coca fumigations Department Trimester 1 Categorical
Anti-coca fumigations Department Trimester 2 Categorical
Anti-coca fumigations Department Trimester 3 Categorical
Anti-coca fumigations Department Full pregnancy Categorical
Anti-coca fumigations Municipality Trimester 1 Categorical
Anti-coca fumigations Municipality Trimester 2 Categorical
Anti-coca fumigations Municipality Trimester 3 Categorical
Anti-coca fumigations Municipality Full pregnancy Categorical
TOTAL NUMBER OF INDICATORS 64




Figure B displays the distribution of birthweight in our sample and the full population. As
mentioned, 79 percent of recorded birthweights are based on mother’s recall and 21 from a
written card. There is a tendency of birthweight heaping, i.e., rounding birthweight to even
100-numbers. A closer analysis shows that heaping occurs for 82 percent of recorded
birthweights overall, and 85 percent if the birthweight is recorded from mother’s recall. We
regressed birthweight heaping on our focal violence and fumigation as well as our three SES
variables, net of birth order and gestational length of the pregnancy. Without mother-fixed
effects, there is a correlation between heaping and the exposures as well as SES factors
except teenage pregnancy. Adding fixed effects (with or without mother’s age at birth), there
is only a heaping tendency for women with lower levels of education (women with tertiary
education are 16% less likely to report an even number by comparison). These analyses are

available upon request.
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Figure B. Histogram of the birthweight distribution in our sample (grey bars) and the full
population (bars with black border)
Table B displays descriptive statistics including pregnancies to women who only had one
pregnancy during observation. Here, the sample is slightly older.
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Table B Descriptive statistics of the sample population, including births to women who had only one
pregnancy during observation

Variable Value Frequency Percent
Fumigation level during:
First trimester Zero 14,832 76.80
Low 2,296 11.89
High 2,184 11.31
Second trimester  Zero 14,731 76.28
Low 2,321 12.02
High 2,260 11.70
Third trimester (b) Zero 14,777 76.52
Low 2,303 11.93
High 2,087 10.81
No third trimester 145 0.75
Full pregnancy Zero 12,331 63.85
Low 3,577 18.52
High 3,404 17.63
Mother's age at birth 12-19 5,299 27.44
20-24 6,088 31.52
25-29 4,015 20.79
30-34 2,380 12.32
35-39 1,201 6.22
40-49 329 1.70
Gestational length 5—6 months 145 0.75
7 months 440 2.28
8 months 2,571 13.31
9 months 16,134 83.54
10 months 22 0.11
Teen pregnancy No 14,013 72.56
Yes 5,299 27.44
Type of place of residence  Rural 5,518 28.57
Urban low density 3,846 19.92
Urban high density 9,696 50.21
Urban density missing 252 1.30
Mother's educational level Primary or lower 7,294 37.77
Secondary 9,289 48.10
Tertiary 2,729 14.13
TOTAL 19,312 100.00
Standard
Variable Observations Mean deviation Minimum Maximum
Casualties during:
First trimester 19,312 8.21 19.68 0 305
Second trimester 19,312 7.99 20.11 0 305
Third trimester (b) 19,167 7.34 18.97 0 305
Full pregnancy 19,312 23.48 50.36 0 581
Coca hectares 19,312 2530.67 5117.20 0 62159.69
Birth weight 19,312 3218.83 603.48 500 7000
Birth order 19,312 1.16 40 1 4

(b) The sample size for conflict exposure is somewhat lower during third trimester because pregnancies
ending in live birth after five or six months did not have a third trimester.



Table C includes women with only one pregnancy to the models without fixed effects,
corresponding to Models 1.1 and 1.2 in Table 2. Here, the positive relationship between
violence and birthweight is significant and similar in size, but the earlier significant positive
relationship for low levels of fumigation is not present.

Table C Regression models of the associations between birth weight and exposure

to violence and anti-coca fumigation during full pregnancy, including women who
only had one pregnancy during observation

Full pregnancy
(n=19,312)

Model C.1

Casualties 0.23**  (0.08)
Model C.2

Fumigation level (ref=no fumigation)

Low 19.55  (11.02)
High -22.85 (15.11)

*¥¥p < 0.001, ** p <0.01, *p < 0.05, ref.=reference. Standard errors clustered by
mother in parentheses. All models adjust for mother fixed effects, birth order,
gestational length, and mother's age at childbirth. Models C.2 controls for coca
cultivation during the year(s) of pregnancy.

Table D includes indicators for violence and fumigation in the same model, for each trimester
or the full pregnancy respectively. While the coefficients for violence are stable, the results
for fumigation are no longer significant. This is likely because organized violence, anti-coca
fumigation and cultivation are highly correlated. It again emphasizes the relative importance
of violence over fumigation.

Table D Regression models of the associations between birth weight and exposure to violence and anti-coca fumigation
during pregnancy; both conflict and fumigations in the same model

Full pregnancy Trimester 1 Trimester 2 Trimester 3
Model D (n=4,291) (n=4,291) (n=4,291) (n=4,250)
Casualties -1.40*  (0.67) -1.74%* (0.53) -0.12  (0.68) -0.75*%* (0.28)
Fumigation level (ref.=no fumigation)
Low -72.59  (77.16) 3462 (71.00) -57.09 (70.75) -27.56 (53.56)
High 102.49 (86.73) 105.01 (76.22) 80.52 (65.04) 99.59  (90.79)

**%p < 0.001, ** p<0.01, *p < 0.05, ref.=reference. Standard errors clustered at the mother level in parentheses. Adjusted

for mother fixed effects, birth order, gestational length, coca cultivation during the year(s) of pregnancy, and mother's age at
childbirth.

Table E excludes the coca cultivation variable from models of anti-coca fumigation. The
main findings are largely robust to this re-specification. According to Camacho and Mejia
(2018), controlling for coca cultivation in models of aerial spraying enables excluding the
health effect of chemicals used in cocaine production. This variable contributes to model fit
in about half of the models (AIC test results are available upon request). Hence, proximity to

coca plantations does not seem like an important control. Overall, presence of coca

44



cultivation in the department (measured continuously in number of hectares) associates to a
statistically significant reduction in birthweight, but there are no clear patterns by SES (not
shown).

Table E Regression models of the associations between birth weight and exposure to anti-coca fumigation
during pregnancy; excluding the control for coca cultivation

Full pregnancy  Trimester 1 Trimester 2 Trimester 3
Model E (n=4,291) (n=4,291) (n=4,291) (n=4,250)
Fumigation level (ref.=no fumigation)
Low -3437 (33.36) -33.99 (32.81) -4094 (31.37) -53.02 (34.68)
High -48.59 (45.06) -51.75 (39.26) 1.29 (37.18) -74.26* (37.29)

FxEp < 0.001, ** p<0.01, *p < 0.05, ref.=reference. Standard errors clustered by mother in parentheses.
Adjusted for mother fixed effects, birth order and mother's age at childbirth.

Table F excludes women with only primary education who are most likely to misreport
birthweight. The results of violence are insignificant, and the coefficients for fumigation are
significant only at low levels during the second trimester and both levels during full
pregnancy. This point towards how the detrimental effects of conflict on birthweight are
driven by women with lower socioeconomic status, as displayed in Tables 5 and 6.

Table F Regression models of the associations between birth weight and exposure to violence and anti-coca

fumigation during pregnancy; excluding women with only primary education who are most likely to misreport birth
weight

Full pregnancy Trimester 1 Trimester 2 Trimester 3
(n=2,504) (n=2,504) (n=2,504) (n=2,477)

Model F.1

Casualties -0.36 (042) -0.73 (0.83) -0.87 (0.79) 0.10 (1.07)
Model F.2

Fumigation level (ref.=no fumigation)

Low -7.70  (41.37) -13.18 (45.67) -54.78 (41.74) -2735 (49.65)
High -27.58 (59.13) -5.45 (59.61) -4.88 (51.06) -58.10 (57.50)

**¥p < 0.001, ** p < 0.01, *p < 0.05, ref.=reference. Standard errors clustered at the mother level in parentheses.
Adjusted for mother fixed effects, birth order, gestational length, and mother's age at childbirth. Model F.2 controls
for coca cultivation during the year(s) of pregnancy.

Table G does not include a control variable for gestational length. Here, the relationships
between violence and birthweight are negative and statistically significant during the first and
second trimesters and the full pregnancy. The results are insignificant for fumigation. These
models do not distinguish between gestational growth from preterm birth, hence we prefer the

models presented in Table 2.

45



Table G Regression models of the associations between birth weight and exposure to violence and anti-coca
fumigation during pregnancy; excluding gestational length of pregnancy

Full pregnancy  Trimester 1 Trimester 2 Trimester 3
(n=4,291) (n=4,291) (n=4,291) (n=4,250)

Model G.1

Casualties -0.69* (0.33) -1.74* (0.85) -1.71** (0.60) 0.35 (0.70)
Model G.2

Fumigation level (ref.=no fumigation)

Low -22.35 (37.16) -19.95 (35.43) -55.65 (35.41) -1631 (36.48)
_High 10.12  (49.87) -17.37 (44.09) 22.88 (41.92) -42.36 (38.88)

**¥p < 0.001, ** p < 0.01, *p < 0.05, ref.=reference. Standard errors clustered by mother in parentheses. All
models adjust for birth order, mother fixed effects, and mother's age at childbirth. Model G.2 controls for coca
cultivation during the year(s) of pregnancy.

Table H overcomes the limitations of the variable used in Tables 4 to 6 by distinguishing not
by whether each pregnancy was to an adolescent mother or not, but instead between children
born to women who had no teen pregnancies, one teen pregnancy out of at least two, and two
or more teen pregnancies. This approach allows us to study women who had only one teen

pregnancy, without running the risk of implementing a cross-level interaction that could bias

the estimates in a fixed effects model (Giesselmann and Schmidt-Catran, 2020).

In Model H.1, the relationship between casualties and birthweight persists for adolescent
births to women who only have one adolescent birth, and intensifies for women with two

adolescent births. There are no significant relationships between birthweight and fumigation.

Table H Regression models of the associations between birth weight and exposure to conflict and anti-coca fumigation during
pregnancy, by an alternative measure for teen pregnancy

Subgroup Trimester 1 Trimester 2 Trimester 3
Model H.1
Casualties No teen pregnancy -1.15  (0.68) -0.62 (0.72) 1.43 (0.79)
One teen pregnancy -0.76 (1.56) -2.76* (1.18) -1.27 (1.53)
Two or more teen pregnancies  -2.88  (2.36) -4.26** (1.26) -3.15 (1.65)
Model H.2
Fumigation level (ref.=no fumigation)
Low No teen pregnancy -41.36  (39.92) -71.21 (40.69) -51.52 (40.45)
High -20.20 (55.74) -17.38 (46.56) -89.83 (50.96)
Low One teen pregnancy -78.95 (78.53) -43.86 (72.11) -147.61 (88.43)
High -105.40 (84.63) -236 (90.22) -61.98 (86.18)
Low Two or more teen pregnancies  47.04 (77.83) 5220 (66.76) 5647 (74.35)
High -46.21 (79.08) 71.60 (84.94) -52.27 (68.34)

**%p < 0.001, ** p < 0.01, *p < 0.05, ref.=reference. Standard errors clustered by mother in parentheses. All models adjust for
mother fixed effects, birth order and gestational length. Model H.2 controls for coca cultivation during the year(s) of pregnancy.

Table I displays alternative measures of urban residence. In Models 1.1 and 1.2, pregnancies
to urban mothers regardless of population density in the municipality are grouped together.
Here, there is a negative effect for trimesters one and two at around 2 gram per casualty in

urban areas. However, these models only separate between whether the mother lived in a
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nucleus of more or less than 1,500 inhabitants, which does not reveal much about the context.

Hence, we prefer to add the distinction of population density in the municipality.

In Models 1.3 and 1.4, we replace the threshold of high population density in an urban area to
100 inhabitants per km2 instead of 50. Here, in comparison to Table 4, the relationship
between birthweight and violence in urban areas is significant for the second instead of the
third trimester in low-density municipalities. The significant effect of violence during the
second trimester in high-density areas disappears. With regards to exposure to fumigations,
the findings remain insignificant. Since the measure with a threshold of 50 inhabitants

contributed more to model fit, we prefer that indicator instead of the one presented here.

Table I Regression models of the associations between birth weight and exposure to violence and anti-coca fumigation during
pregnancy, by alternative specifications of type of place of residence

Subgroup Trimester 1 Trimester 2 Trimester 3

Model I.1 Residence
Casualties Urban -245%%%  (0.70)  -2.18**  (0.67) -1.29 (0.85)
Model 1.2
Fumigation level (ref.=no fumigation)
Low Urban -10.12  (41.11) -66.31  (37.50) -17.41  (44.51)
High -33.42  (48.04) -3642 (46.51) -85.26  (45.78)
Model 1.3 Residence
Casualties Urban low density -3.29***  (0.99) -2.64**  (0.95) -1.63 (1.10)

Urban high density  -1.27 (0.99) -1.69 (0.89) -0.99 (1.33)
Model 1.4
Fumigation level (ref.=no fumigation)
Low Urban low density ~ -27.48  (68.15) -62.91 (57.17) -48.20 (67.66)
High 4327  (71.35) -126.66 (65.59) -72.12  (64.92)
Low Urban high density  14.00  (50.68) -68.92  (49.62) 13.09  (59.94)
High -105.85  (65.19) 85.31 (65.10) -95.05 (64.17)

##%p < 0.001, ** p < 0.01, *p < 0.05, ref.=reference. Standard errors clustered by mother in parentheses. All models adjust for
mother fixed effects, birth order, gestational length, and mother's age at childbirth. Models 1.2 and 1.4 control for coca cultivation
during the year(s) of pregnancy. In Models 1.3 and I.4, high population density is defined as a municipality with more than 100
inhabitants per km2.
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