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ABSTRACT 
This research examines the toll the current drug war in Mexico is having on the early-life 
health of the next generation. Specifically, this analysis, through the study of a sudden and 
violent event and use of rich longitudinal data that allows sibling comparisons, measures the 
birth outcome impact of exposure to increased local conflict, while examining and 
controlling for behavioral responses (migration and family planning) to that violent 
environment. The estimates, across multiple samples and specifications, consistently indicate 
that exposure, early in gestation, to the average increase in local violent crime between the 
pre-escalation of violence period and 2009 in Mexico leads to substantial decreases in birth 
weight (75 grams and a ~40% increased risk of being <2,500 grams) that are exacerbated for 
mothers of low socioeconomic status (~120-125 grams). 

 

 

1. Introduction 

Since 2008, rates of crime and violence in Mexico have risen at a dramatic and unprecedented 

pace. According to official data reported by the National Institute of Statistics and Geography 

(INEGI), homicide figures in Mexico had been stable and declining from the mid-1990’s until 

2007, but between 2007 and 2010 the number of reported murders almost tripled (from 8,845 in 

2007 to 25,000 in 2010, Figure 1 displays yearly homicide totals and Figure 2 provides monthly 

homicide rates from 2000 - 2011). While the specific causes of this substantial change in the 

criminal environment are still being debated, what is undeniably clear is that Mexico is suffering 

one of the most sudden and deadly internal conflicts in recent history.  
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
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Given the magnitude of this outbreak of violence many scholars have already begun to examine 

the short and long-term effects this ongoing tragedy will have on the citizens of Mexico (Dell, 

2011; Brown and Velasquez, 2013; Robles et al., 2013, Velasquez, 2013, among others). The 

purpose of the current study is to add to this growing set of research by rigorously investigating 

the impact of the rise in violence on a group of individuals that is particularly vulnerable and, in 

terms of Mexico’s future, very important: infants. Specifically, the goal of this research is to 

estimate the extent to which a pregnant mother’s exposure to violence can restrict human capital 

accumulation at its earliest stage, in-utero, by examining the impact of the escalation of the 

Mexican drug war on the birth outcomes of its citizens. 

This research question is motivated by several potential mechanisms that may connect maternal 

experience of crime and conflict to the early-life health of the in-utero child. For one, the 

magnitude and conspicuous nature of the drug war violence in Mexico has made psychological 

exposure essentially unavoidable in highly affected areas and maternal mental stress has been 

associated with intrauterine growth and gestational length restrictions of the exposed in-utero 

child (Beydoun and Saftlas, 2008; Camacho, 2008; Brown, 2013). Additionally, researchers have 

found that individuals experiencing increasing levels of violence are suffering poorer economic 

outcomes (Dell, 2011; Robles et al., 2013; Velasquez, 2013). A loss in family resources driven 

by local conflict has the potential to hamper the development of the fetus through decreased 

consumption of nutritious foods and vitamins and/or restricted use of prenatal care. 

Discovering the validity and magnitude of the relationship between violence from the Mexican 

drug war and birth outcomes is of particular interest as economists continue to identify a strong 

and persistent association between birth weight and later life outcomes such as IQ, height, 

educational attainment, and wages (Behrman and Rosenzweig, 2004; Black et al., 2007; Figlio et 
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al., 2013). Additionally, while much of the early work examined this relationship in developed 

countries, subsequent research has provided evidence of this link in more diverse settings 

(Bharadwaj et al., 2010 and Torche and Echevarria, 2011 in Chile and Rosenzweig and Zhang, 

2012 in China). 

Generating a causal link between the fetal health consequences of exposure to local violence, 

though, presents numerous challenges. For example, differential regional conflict levels may be 

correlated with pre-existing differences or trends in various local factors that are also correlated 

with the robustness of the population of mothers. Furthermore, behavioral responses to rising 

crime, such as migration and family planning, may cause a child’s exposure level to be 

correlated with observed and unobserved characteristics of the mother, which in turn are also 

related to fetal health. This study relies on the timing, level of detail, and persistent tracking 

efforts of the Mexican Family Life Survey (MxFLS) to explicitly examine and address these 

concerns in a more rigorous way than any previous study of this topic.  

The MxFLS is a nationally representative longitudinal study that has been conducted in Mexico 

since 2002 and spans both the pre-escalation of violence and escalation periods while 

maintaining very high levels of survey retention. Along with detailed individual- and household-

level economic, health, and migration data, the MxFLS also contains a particularly useful feature 

for this study: reproductive histories. This module provides information on the birth weight, 

prenatal care usage, pregnancy complications, and location of delivery for all births since the last 

interview. This rich survey is then paired with the month and municipality-level homicide data 

collected by INEGI to generate estimates of the impact of increased local violence in key 

gestational periods on the birth outcomes of exposed children.  
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Using data, which allows comparison of pre-conflict and conflict period cohorts, inclusion of 

sibling fixed effects, and removal of endogenous migration through an intent-to-treat approach, 

this study finds that children exposed to local violence in their first trimester of gestation had a 

sizable and significant decrease in their birth weight (75 grams) and a substantial increase in the 

probability of being designated low birth weight (3-5% out of a base of 7-10%).2 Moreover, 

children of lower socioeconomic status families suffered even larger adverse outcomes, with the 

magnitude of the first trimester exposure effect on birth weight doubling in size. 

To put these results in context, the magnitude of the birth weight effect is considerably larger 

than estimates of the positive impact on birth weight of federal nutrition programs such as the 

Supplemental Nutrition Program for Women, Infants, and Children (WIC) and the Food Stamp 

Program (FSP) in the United States and are about one-third to two-thirds the size of the adverse 

consequences of maternal smoking.3  Furthermore, amongst lower socioeconomic status families 

the adverse effect of exposure in early gestation to the escalated violence in Mexico is equal to 

the positive impact of the large-scale conditional cash program Oportunidades (PROGRESA) on 

birth outcomes.4  Overall, the consistency and scale of these findings suggest that the deleterious 

effect of the Mexican drug war on the population of Mexico may reverberate for an entire 

generation. 
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
3





4

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2. Motivation 
2.1 Organized Crime’s Leading Role in Violence in Mexico 
 

The sudden change in the magnitude and subtleties of conflict related to the drug trade in 

Mexico, as well as the increasing spillover of violence onto civilian non-actors, has put an 

international spotlight on the Mexican “war on drugs”. 

This increased interest has led to an in-depth study of and vigorous debate about its causes 

(Guerrero, 2011; Rios and Shirk, 2012; Robles et al., 2013, provide excellent holistic 

descriptions of the conflict’s history and actors). The general consensus though, with varying 

opinions to the magnitude of each factor, is that the spike in homicides is a byproduct of three 

interrelated events. One aspect is the increased success of the USA-Colombia fight to reduce the 

flow of drugs between the two countries, giving Mexican drug cartels extra incentive to control 

the increasingly profitable drug trade (Castillo et al., 2012).  

A second major influence was former president, Felipe Calderón’s, strategy of increased federal 

military opposition to OCGs (Molzahn et al., 2012; Guerrero, 2011). The military approach 

taken by Calderón was to unilaterally challenge all OCGs, regardless of the size or location of 

the territory they controlled. As would be expected, this tactic has resulted in increased and 

geographically dispersed conflict throughout Mexico (Guerrero, 2011). 

Lastly, the changes in military policy during the past few years have fostered an unexpected and 

unintended alteration in the overall picture of crime in Mexico. When the military succeeded in 

capturing or killing a high-ranking cartel member this would regularly result in intense fighting 

within the group to fill the power vacuum and eventually the fracturing of the original OCG into 

several new crime organizations. Guerrero finds that between 2006 and 2010 the number of 

OCGs grew by a factor of more than 2.5 (2011). The increased number of crime groups 
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operating in a limited space and competing over finite profits has amplified violence between 

these groups. Moreover, this fighting has changed the conflict environment for non-combatants 

as the increased use of intimidation and scare tactics through conspicuous violence and criminal 

activities targeting innocents has not been merely a negative externality of the OCGs actions, but 

also a targeted agenda goal, as the OCGs seek to reduce the willingness for citizens to mobilize 

or cooperate with the police or rival cartels. 

Another major negative spillover from the war on drugs has been an increase in non-drug related 

crimes that target non-combatants. As profits from drug running are reduced in size, due to 

military interference and the need to split the proceeds between more groups, OCGs have 

increasingly turned to crimes perpetrated on law-abiding citizens such as extortions, 

kidnappings, and car thefts (Molzahn et al., 2012; Guerrero, 2011). 

In summary, the pregnant women in Mexico that form the population of interest for this study 

faced an environment in the late 2000’s that was in stark contrast to the world they had lived in 

just a few years before. In particular there was a dramatic and larger rise in the potential for 

physical, mental, and financial harm. This study is interested in analyzing how a rise in this type 

of potential victimization can hinder the early life health of the next generation.  

2.2 Conflict and In-Utero Human Capital Development: Pathways 

While generating a clear causal link has been difficult, a growing literature has been building a 

consensus that health as early as birth can have significant consequences for later life economic, 

educational, and health outcomes (Strauss and Thomas, 2007, as well as, Almond and Currie, 

2011 provide overviews of the current literature). Moreover, a set of studies has linked a specific 

birth outcome, birth weight, to the longrun accumulation of human capital such as height, IQ, 
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earnings, and education (Behrman and Rosenzweig, 2004; Black et al., 2007; Figlio et al., 2013 

among others). This link between birth weight and long run economic outcomes suggests that if 

the Mexican drug war is hindering fetal health, its impact on Mexican society will linger into the 

next generation.  Unfortunately, there are compelling reasons to believe that the violence in 

Mexico has the potential to harm in-utero health and birth outcomes through several pathways of 

vulnerability including maternal anxiety, restriction of resources, and reduced access or 

willingness to utilize prenatal health services. 

A growing literature has emerged that rigorously examines the impact of maternal anxiety on the 

birth outcome of the in-utero child. Using theoretical models, animal experiments, and small 

sample human studies the medical literature has biologically mechanized and repeatedly 

correlated maternal stress with, among other birth outcomes, restricted intrauterine growth and 

shortened gestational length (de Catanzaro and Macniven, 1992; Wadhwa et al., 1993, 2001, and 

2004; Mulder et al., 2002 provides a review).  

Specifically, one theorized mechanism is that the body produces excess cortisol, norepinephrine, 

and epinephrine when confronting ``worry, anxiety, and cognitive preparation for a threat" 

(McEwen 1998) and this reaction stimulates the supply of corticotropin-releasing hormone 

(CRH), which is strongly linked to intrauterine growth and parturition timing (Wadhwa et al., 

1993, 2004; Mancuso et al., 2004 and others). An additional channel suggested by Mulder et al. 

is the stress induced arousal of the sympathetic nervous system, which can cause restricted blood 

flow to the fetus and result in decreased intrauterine growth (2002). Some research has also 

indicated that the timing of the stress exposure is paramount in determining its impact on fetal 

health. 
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Several studies have posited that as a pregnancy progresses the fetus is less and less at risk to 

fluctuations in maternal CRH levels because the mother is less reactive and has dampened 

sensitivity to stressful events (Schulte et al., 1990; de Weerth and Buitelaar, 2005). Furthermore, 

CHR and cortisol levels naturally increase throughout pregnancy, which may in turn work to 

insulate the fetus from later term maternal anxiety shocks.  

Establishing a causal link with regards to the overall effect of maternal stress as well as the 

importance of the exposure timing has proven quite challenging. Recently a few studies, relying 

on natural experiment techniques, have been able to more credibly identify the impact of acute 

stress from events such as landmine explosions (Camacho, 2008), terrorist attacks (Brown, 

2013), and earthquakes (Torche, 2011). These papers have provided a consistent picture: 

maternal anxiety exposure in early pregnancy leads to significantly poorer birth outcomes.  

This literature as a whole suggests that the anxiety from the fear and victimization that has been 

all too present in Mexico in the last few years has a direct biological pathway in which it can 

damage the early life health of the exposed children. Moreover, there are additional mechanisms 

that are not explicitly related to the impact of increased cortisol on the regulation of the fetus that 

may link increased fear and anxiety to poor birth outcomes.  

Terror and depression induced by exceedingly high levels of realized or potential victimization 

may cause pregnant mothers to alter their behavior in several harmful ways. The experience of 

increased stress and loss of control may lead to the escalation of risky behaviors such as smoking 

and drinking. Additionally, fear may cause women to be less likely to access prenatal health care, 

which has been associated with the quality of the birth outcome in both developed and 

developing countries (Rosenzweig and Schultz, 1983, United States; Jewell and Triunfo, 2006, 
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Uruguay; Jewell, 2007, Bolivia, Brazil, Colombia, and Peru; Wehby et al., 2009, Argentina). In 

addition to mental hardship, these mothers may also be experiencing direct insults to nutrition 

through a tightened resource constraint. 

Recently a few papers have examined the impact of the Mexican outbreak of violence on the 

income and earnings of the Mexican population (Dell, 2011; Velasquez, 2013; Robles et al., 

2013). Each study, using a different identification strategy, has found that the conflict has had a 

negative impact on the labor market participation and earnings of Mexican workers. If this 

reduction in financial resources leads to a change in consumption patterns, the health of the in-

utero child may suffer. For example, Almond and Mazumder suggest that children exposed 

during the gestational period to a mother who is restricting their food intake due to observance of 

Ramadan are born significantly smaller (2011). Furthermore, if the restricted income potential 

impacts a family’s ability to afford prenatal care, this would further put the fetus’s health at risk. 

2.3 Conflict and Human Capital Development In-Utero: Prior Evidence 

What is clear is that there are many reasons to think that violence and conflict may have 

significant consequences for the birth outcomes of exposed children, yet very few studies have 

rigorously attempted to identify the magnitude of the effect. While studies of the impact of 

maternal anxiety have had some success by using plausibly exogenous shocks of psychological 

stress for identification, these papers do not provide an apt substitute for the study of the impact 

of crime and victimization on in-utero health as they typically rely on infrequent or short-term 

events and identify only one of the channels (maternal anxiety) by which conflict may hinder 

proper fetal development.  
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Most of the literature that specifically analyzes the impact of conflict on birth outcomes has 

relied on persistent variation between localities in rates of violence, which may be correlated 

with other unobserved or omitted factors that differ between the regions and are correlated with 

early life health. Furthermore, these studies, by using locations with fairly well established and 

constant levels of violence over time, are subject to conflating systematically taken behavioral 

responses, such as residential sorting and family planning, with the actual impact of violence on 

birth outcomes. Recently, one study combined an unexpected outbreak of violence with the 

identification strength of within family comparisons to produce results, which remove many of 

the concerns presented in the previous literature. 

In 2012, Hani Mansour and Daniel Rees published their work examining conflict and birth 

weight in Gaza and the West Bank during the al-Aqsa Intifada. The al-Aqsa Intifada started with 

the contentious visit by Ariel Sharon to the Temple Mount in September 2000 that sparked 4 

months of violence, followed by a reduction in conflict for 8 months, at which point clashes 

intensified again until the summer of 2002, with some level of residual violence lasting into 

2005. Mansour and Rees evaluate the impact of fatalities caused by Israeli troops, at the month 

and district level, on the birth outcomes of children born between April 2001 and June 2004. 

They find that an increase in fatalities in the district of birth 9-6 months before birth lead to a 

statistically significant increase in the probability that the child will be born low birth weight 

(LBW, <2,500 grams). The strength of their analysis lies in the fact that they can exploit 

temporal and geographic variation in conflict intensity and, as some mothers had two children 

between April 2001 and June 2004, they can control for time-invariant characteristics of the 

mother using sibling fixed effects. This paper and its identification strategy is a major 
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contribution to the current literature and remains the seminal work in the area of conflict and 

birth outcomes.  

One issue this analysis faces, though, is that all of the data was collected and almost all of the 

children under study were conceived after the conflict was initiated. Thus, the study loses the 

baseline, or non-conflict, level of maternal characteristics and fertility rates in each district. The 

authors must rely on the assumption that family planning decisions and behaviors were the same 

within a district during the lulls in conflict (which is their control cohort) as they were before 

conflict was ever initiated. It is highly plausible that the fertility demographics and behaviors 

during truly non-conflict times are quite different than during the temporary and unsustainable 

moments of low conflict used to generate variation in the study.  

In addition to family planning behavioral responses, migration patterns cannot be assessed using 

this data. While the authors suggest migration was relatively low in general during this period, 

by citing that 94% of the births were to women living continuously in the same municipality 

since September 2000, this does not account for all the women (and thus their children) who out-

migrated from the survey area due to this intense conflict. Moreover, if the 6% that reported 

having moved did so systematically in a way correlated with potential fetal health (for example, 

mothers with more means moved to safer areas), this could lead to biased point estimates of the 

impact of violence on birth outcomes. 

The authors are able to help assuage some of these concerns by focusing on those families that 

had two children born during the 3-year sample window. By comparing siblings, any potential 

biases between families arising from time-invariant characteristics are no longer relevant, as all 
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comparisons are within the family. This strategy greatly increases the identification strength of 

the study, but raises some additional concerns when using this data in this setting.  

Since the data window is so short, the sample remaining when only using mothers that gave birth 

twice in a three-year period has the potential to not reflect the general population. Additionally, 

since the conception decision for almost all of these births was made after the conflict had begun, 

and thus the potential for violence exposure was largely anticipated, the selectivity of the sample 

of mothers choosing to have more than 1 child during this time is plausibly exaggerated. Finally, 

while sibling fixed effects is an effective strategy to control for time-invariant characteristics of 

families/mothers, when used in a setting in which the conflict is not an unexpected shock, the 

potential for time-varying heterogeneity within a family driving the timing and health of a birth 

is exacerbated. With these limitations in mind, this work is still the strongest analysis of this 

topic in the literature, and a jumping off point for this study. 

A second paper that should be mentioned is a working paper by Florencia Torche and Andres 

Villarreal that, like this paper, is interested in the question of how the surge in crime in Mexico 

has affected the birth outcomes of the exposed (2012). To examine this issue, they utilize INEGI 

monthly homicide data at the municipality level, pairing it with the birth certificate data of all 

children born between January 2008 and December 2010. The results from Torche and 

Villarreal’s analysis are quite surprising and strikingly different than what has previously been 

found in the literature.  

Their estimates suggest that children in Mexico exposed to additional homicides during the first 

few months of gestation show increased birth weight and lower probability of being born low 

birth weight. They suggest that it is increased prenatal care behavior, spurred on by early 
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gestation exposure to conflict, specifically amongst the urban, low socioeconomic status 

mothers, which is driving these counter-intuitive findings. The strength of this work is that it 

utilizes official birth certificate data and the large number of observations allows for robust 

subsample analysis. While the richness of this study’s data is quite useful, the time period under 

study and the lack of longitudinal data with sibling linkages makes it very hard to interpret the 

counter-intuitive findings as causal. 

The researchers, due to lack of birth weight information in the birth certificate data before 2008, 

are limited to studying a sample in which the majority of the births were conceived after the 

violent surge had already begun. As mentioned in relation to Mansour and Rees’s work, this is 

potentially very problematic when considering the systematic behavioral responses families may 

make during a time of conflict. Selective migration is one potential reaction to increased violence 

(or threat of violence). When the authors take a look at the impact of homicides on out-migration 

of childbearing aged women using 2005 and 2010 population counts, they find that women with 

exactly 9 years of education are more likely to out-migrate during times of greater violence. 

Additionally, this sensitivity analysis is only able to account for migration between 2005 and 

2010, while temporary migration during pregnancy and delivery, which may be more reactive to 

local violence, cannot be captured.  

A second possible response to violence is changing fertility behavior. Unfortunately, the authors 

are unable to rigorously analyze whether there is a fertility response to violence because the data 

is all post-conflict initiation and thus a true baseline level is not available for comparison. That 

said, using data from 2008 to 2010 they find a positive relationship between municipality level 

homicide rates and birth rates. Thus, it seems that theoretically as well as in practice, using data 

that does not allow for control of systematic migration or between family unobserved 
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heterogeneity to analyze the impact of violence on birth outcomes in Mexico, particularly when 

data is only available for the post conflict initiation period, leads to a selected sample and 

potentially misleading results.  

3. Data 

Properly estimating the impact of violence on individual health outcomes faces numerous 

empirical obstacles. In order to take on these challenges, this study will pair the INEGI monthly 

homicide data at the municipal level with the fortuitously timed and rich Mexican Family Life 

Survey (MxFLS).  

The INEGI data provides information on all official reports of intentional homicides. A helpful 

feature of the data is that the label of “homicide” is assigned to a death using the World Health 

Organization’s guidelines (ICD-10, Instituto Nacional de Estadística), which should shield the 

data from regional differences in the classification or rate of reporting of a deceased as a 

homicide victim. One potential concern with this data is that it contains information only on 

registered homicides. If rates of reporting are significantly lower for cartel related homicides this 

data may serve as a very poor proxy for local conflict levels. Previous research has addressed 

this issue by comparing the INEGI data to organized crime related homicide data collected by 

the President’s Office and found that the INEGI data captures the same trends found in the more 

explicit OCG-related President’s data (Velasquez 2013). The advantage to and reason for using 

the INEGI data throughout the rest of the analysis is its longer collection period, 1990-2011. 

Using data that spans both the pre-conflict and conflict periods allows the temporal variation of 

homicide rates in Mexico to be combined with the panel nature of the MxFLS. 
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The MxFLS is an ongoing longitudinal data set that is representative of the Mexican population 

in 2002. During the 2002 baseline survey, MxFLS1, information was collected on approximately 

8,440 households and 35,600 individuals among 150 communities and 16 states throughout 

Mexico. The second wave, MxFLS2, was conducted in 2005-2006 and the third wave, MxFLS3, 

was started in 2009 and is currently in the final stages of fieldwork. The MxFLS was designed to 

follow all individuals in baseline households (and children born to these individuals since 

baseline) and has had great success in keeping low levels of attrition; with over 89% of the panel 

respondents being re-interviewed in MxFLS2 and similar re-contact rates are anticipated for 

MxFLS3.  

More than just pointing to the low attrition rate in this survey though, it is of first order 

importance to test whether the sample of interest (childbearing aged women) are more likely to 

attrite from the sample due to a rise in violence in their municipality of residence. In order to 

formally test whether attrition amongst our population of interest is being driven by potential 

violence exposure, an analysis is conducted on women aged 7-42 in MxFLS1 (thus 

approximately14-49 years old and eligible for the birth history component by MxFLS3) that 

estimates the relationship between the change in the homicide rate from 2002 to 2009 in the 

respondent’s MxFLS1 municipality of residence and their likelihood of attriting from the 

MxFLS.  Similarly, an analysis using women aged 10-45 in MxFLS2 examines if the change in 

violence between 2005 and 2009 in the respondent’s MxFLS2 municipality predicted their future 

attrition.  In addition to simply seeing if attrition is related to pending increases in local violence 

in general, specifications are also conducted in which the homicide rate variable is interacted 

with MxFLS1 or MxFLS2 characteristics of the respondent to determine if attrition amongst 

subgroups of the population is predicted by increased conflict. 



! 16 

Examination of this issue reveals that attrition was quite low amongst this group of respondents: 

13.4 percent between baseline and the third wave and less than 9% between the second and third 

wave (Table 1). Furthermore, no statistically significant relationship is detected in each analysis; 

suggesting that potential exposure to conflict was not a determining factor of attrition from the 

MxFLS3 sample by childbearing age women. 

One particularly valuable aspect of the MxFLS, for the purposes of this study, is the fact that the 

timing of the survey waves provides a useful snap shot of Mexico before and during the major 

rise in conflict. The first follow-up was conducted between 2005 and 2006, a period of low levels 

of violence, and the second follow-up was performed from 2009 to 2013, during times of 

extremely elevated violence.  

Maps 1-4 show the municipality homicide rate per 10,000 inhabitants for 2002, 2005, 2007, and 

2009.  Maps 1-3 provide a view of the conflict landscape during MxFLS1, MxFLS2, and an 

intermediate year between MxFLS2 and MxFLS3.  The picture painted by these three maps is 

one of heterogeneous rates of violence, with homicides mainly concentrated across the United 

States border, a main drug trade route running along the Sinaloa-Durango and Sonora-Chihuahua 

borders up to the U.S.-Mexico border, and in the southern coasts of Michoacán and Guerrero. By 

2009 though, as seen in Map 4, the image of violence in Mexico was much different.  Map 4 

shows that the conflict had intensified and spread across Mexico, and areas like the interior of 

Durango and southern Sonora, which previously were off the main drug trade routes and thus 

shielded from most of the violence, were now at the center of the drug war.  

While the magnitude of the conflict has risen significantly in the last few years across Mexico, 

the level of the change across municipalities varies a great deal. For example, between 2005 and 
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2009 the range of growth rates in homicides between municipalities spanned from a dreadful 30-

fold increase in one area to an 80% decrease in another. Thus, along with the temporal variation 

in violence, this analysis will also be able to exploit the geographic distribution of conflict 

exposure across municipalities. Given that we have a great deal of variation in conflict intensity 

growth between municipalities, an open question is whether this violence heterogeneity actually 

reflects underlying trends in other municipality characteristics.  If this were the case, it would 

raise concerns that an analysis of the impact of violence on birth outcomes would actually be 

picking up the effect of some other municipality trend on in-utero health.  While it seems 

unlikely, due to the suddenness and well-documented origins of the change in the conflict 

environment, that some other municipality characteristic trend would be generating the temporal 

and geographic heterogeneity in violence seen in Mexico, we will formally explore this concern. 

To examine this question a rich set of pre-escalation of violence trends of the 135 baseline 

MxFLS municipalities are used to predict each municipality’s 2009 homicide rate, as well as the 

change in homicide rate in each municipality between 2005 and 2009. Trends were created using 

the IPUMS samples of the 2000 and 2005 Mexican censuses and the MxFLS1 and MxFLS2 

survey waves.5 Table 2 displays the results of these analyses. In both specifications, the estimates 
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strongly suggest that pre-conflict trends in municipality characteristics were unrelated to future 

homicide rates.6 

An additional advantage of the MxFLS is the comprehensive set of variables it collects about its 

participants, including information about the individual’s economic, social, and health outcomes 

and behavioral histories (migration, fertility, marriage). Furthermore, information of household 

expenditure and asset ownership is gathered as well. Moreover, by using the panel nature of the 

data, the very serious potential biases from selective and endogenous fertility and migratory 

patterns can be examined.  

Most importantly for this project, though, are the detailed reproductive histories collected in the 

MxFLS. For example, in MxFLS3, all household member women between 14 and 49 are asked 

to provide information such as date of birth, birth weight, prenatal care behavior, and place and 

locality of delivery on all pregnancies that have occurred since the MxFLS2 interview.  

Focusing on panel member women in order to maintain representativeness provides a sample of 

1,850 live births since MxFLS2 to 1,608 women (Table 3, Column 1).7 As mentioned in the 

previous section, properly identifying the impact of conflict on birth outcomes will be greatly 

improved by the use of sibling comparisons, for which there are 471 sibling births to 229 

mothers (Table 3, Column 2).  

Two potential concerns exist, though, when considering the use of these samples as the main 

populations of examination. First, since some of the interviews in MxFLS3 took place in late 


6


7


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2009 and beyond, some of these pregnancies were conceived after the surge in violence could no 

longer be thought of as a shock or unanticipated. With the conflict intensity no longer being 

exogenous to family planning behavior, the children conceived during this time might be part of 

families that are significantly different in observed and unobserved ways that are also correlated 

with fetal health. While the use of sibling comparisons will help alleviate this issue to some 

extent, time-varying family characteristics that may lead a mother to have an additional child 

during a predictably high homicide period still present an issue for identification.  

To combat this problem, analysis can be conducted on a sample that only includes births before 

July 1, 2009 (labeled as born before 3Q2009, Table 3, Columns 3 and 4). Using this sample, all 

of the births will have been conceived, approximately, at latest in the third quarter of 2008, 

eliminating around one-sixth of the births from the full sample and one-third of the births from 

the sibling sample. The reasoning for the timing of this sample selection is that, at this point, 

homicide rates had been elevated for only a few months, which generate variation in a key period 

of gestation, first trimester, but the violence was still relatively new and less predictable. In order 

to make sure issues of selective fertility based on anticipated violence does not continue to drive 

the results even after making this sampling choice, analyses limiting the observations further, to 

those born before the second quarter of 2009 or those born before 2009, are also conducted. 

The second issue that exists for both of the sibling samples mentioned previously is that they rely 

on mothers that gave birth to multiple children in a 3-4 year period. This is problematic for two 

reasons. Firstly, this restriction leads to a fairly small number of observations, which serves to 

reduce the power of the analysis, constrain the number of additional controls that can be used, 

and limit the number of stratifications that can be run in order to parse out any heterogeneity in 

the estimated effect. Secondly, by only being able to include mothers that gave birth to multiple 
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children in a relatively short time span, the sibling sample mothers end up having significantly 

different characteristics than those in the full sample. For example, when comparing baseline 

characteristics of the mothers with only one child in column 3 with those with multiple births in 

column 4 it is apparent the sibling sample is significantly different in a few ways. Single-birth 

mothers are statistically significantly older and more likely to be married in 2002, and though not 

statistically significantly so, they are also earning more per month and living in households with 

higher per capita expenditure.8  As such, the sibling sample may be drawn from lower on the 

socioeconomic status continuum. 

To make the sibling and full sample more comparable, any birth since baseline (2002) to a 

mother in the MxFLS3 birth history is included, while continuing to exclude births after the 

second quarter of 2009 (Table 3, Columns 5 and 6). This sampling choice adds 320 births to the 

full sample and triples the size of the sibling sample. Importantly, now the only observed 

characteristic that significantly differs between mothers in the full sample and mothers in the 

sibling sample is that mothers with multiple births have significantly more education at baseline 

(though this difference is eliminated once age at baseline is controlled). This final sample (Table 

3, Columns 5 and 6) will be treated as the preferred population because, along with being more 

representative, the increased size allows the use of additional controls and for the heterogeneity 

of the impact of violence to be explored through stratification.9  


8


9



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Using the nationally representative MxFLS, combined with INEGI’s monthly homicide data at 

the municipality level, this study will be able to take advantage of large and unanticipated 

variations in violence exposure across regions and time and pair them with a sibling fixed effect 

identification strategy. 

4. Empirical Strategy and Results 
 4.1 Behavioral Responses: Migration and Fertility 

A violent conflict of the scale currently faced by Mexican citizens will almost surely result in 

systematic behaviors being taken by a selected group of the exposed in order to alleviate the 

potential negative spillovers to their well-being. Recognizing, analyzing, and accounting for 

these responses is imperative to any study of the Mexican drug war’s impact on individual 

outcomes. Specifically, in the case of studying the effect of in-utero exposure to violence on fetal 

health, two behavioral responses must be addressed: migration and family planning/fertility. 

Systematic migration as a result of a realized or impending surge in crime has the potential to 

change the composition of individuals exposed to violence and lead to biased results. For 

example, if mothers with a larger preference for safety are more likely to move away from high 

crime areas, and this safety preference also leads these mothers to take additional pro-health 

behaviors, the high crime areas would disproportionately be left with less healthy mothers and 

thus lower quality births without violence exposure being the cause. As such, it is important to 

determine whether migration decisions are being driven by potential exposure to violence.  

In order to examine this issue, three measures of migration behavior will be analyzed. The first 

measure is simply an indicator for whether the interview municipality in MxFLS3 is different 

than the interview municipality in MxFLS2, which is the case for approximately 7% of the 

mothers (Table 4, Columns 1 and 2). The second identifier of migration is an indicator of 
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whether the respondent has answered that they have moved from their MxFLS2 locality for 

longer than one year at any time between the MxFLS2 interview and the MxFLS3 interview, 

which represents approximately 16% of the women (Table 4, Columns 3 and 4). Finally, the last 

and most sensitive measure of migration is an indicator of whether the respondent answered that 

they have moved from their MxFLS2 locality for longer than one month at any time between the 

MxFLS2 interview and the MxFLS3 interview, which accounts for about 17% of the mothers in 

each sample (Table 4, Columns 5 and 6). 

Table 4 presents results of regressions on our sample of mothers that test whether the change in 

violence between 2005 and 2009 in the mother’s municipality of residence in MxFLS2 was 

predictive of their decision to migrate. To estimate the relationship between migration and 

potential exposure as carefully as possible, and to avoid spurious correlations, each of these 

regressions additionally controls for various individual and household characteristics in MxFLS2 

(age fixed effects, education, marital status, earnings, employment, rural status, household size, 

and household per capita expenditure), the municipality characteristic trends presented in Table 

2, MxFLS2 state of residence fixed effects, as well as, year and month of MxFLS3 interview 

fixed effects.  

                 

 

This specification is represented in equation 1, where y is the migration decision of individual i, 

that resides at baseline in municipality j, captures the change in the homicide rate between 

2005 and 2009 in municipality j,  is a vector of individual characteristics measured in 

MxFLS2,  is a vector of municipality characteristic trends,  are indicators for the year of 
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interview in MxFLS3,  are indicators for the month of interview in MxFLS3, and  are 

indicators for the state of residence in MxFLS2. 

Moreover, it is also important to examine if the migration behavior of certain subgroups of the 

population was sensitive to local violent conflict. If potential violent crime exposure caused 

particular groups of mothers to migrate, and this systematic behavior was unaccounted for, it 

would create bias in the estimates of the impact of violence on birth outcomes. To explore if this 

is a concern, equation 1 is also estimated with characteristics of the mother (age, age squared, 

education, marital status, earnings, employment, rural status, household size, and household per 

capita expenditure) measured in MxFLS2 interacted with the change in the local homicide rate.10 

The analyses of both versions of equation 1 are presented in Table 4. Column 1 provides 

estimates using the measure of movement typically used when analyzing migration in birth 

outcome studies: whether the mother resides in the same place as the previous wave (or in some 

studies some specified prior date). Examination of the relationship between this measure and 

potential future homicide exposure suggest that future violence does not predict migration.  

Moreover, even adding more detail to the analysis, by exploring if within certain subgroups 

future local conflict predicts being interviewed in a different municipality than in the previous 

wave (Column 2), there appears to be no relationship between violence and migration behavior.  

Using a migration measure that is more inclusive and short-term in nature (any migration away 

from MxFLS2 locality for at least a year) and possibly more relevant for pregnant women, 

provides a different interpretation of the relationship between migration and conflict exposure. 

Column 3 of Table 4 provides evidence that future local violence increases migration behavior 




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amongst the mothers in the sample, with a 1 in 10,000 rise in the homicide rate increasing the 

probability of migration by 1.5%. Moreover, Column 4 of Table 4 suggests that the influence of 

violence on migration was particularly strong amongst mothers from rural areas, mothers that 

earned more, and mothers living in more wealthy households.11  

This analysis strongly implies that not measuring short-term migration may provide misleading 

conclusions about the relationship between local conflict and migratory behavior.  Additionally, 

since migration does appear to be a behavioral response to potential violence exposure and that 

the response is systematically taken by subgroups within the population of mothers, failing to 

control for migration in an analysis of the impact of violent crime on birth outcomes would 

produce non-trivial bias in the estimates.12 Given this serious threat to identification, the issue of 

endogenous migration will be addressed directly when developing the methodology to test the 

effect of local homicides on birth outcomes in the next subsection.  

Turning to fertility behavior, exposure to local violence has the potential to impact birth rates in 

the effected area in a few first order ways. First, certain families may actively try not to conceive 

a child during a time of intense conflict. They may see this environment as dangerous for the 

health of the mother, dangerous for the health of the child, or infeasible due to a loss in 

resources. If these families are drawn from a specific part of the birth outcome distribution, not 

accounting for this composition change will bias results. An additional possibility is that local 

birth rates are being driven by selective migration, with families more or less likely to conceive 




12



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choosing to move away from local crime. Finally, birth rates may be impacted directly by 

violence exposure. If the anxiety and/or resource restrictions caused by local violence are severe 

enough, fetal health may deteriorate to a point that a non-marginal number of pregnancies may 

be lost.  

To examine the impact of local violence on monthly birth rates of MxFLS1 municipalities the 

following regression was estimated: 

 

   
    

       

           



where, BR, is the birth rate of the relevant group in month m,  year y, and municipality j, 


   , represents the municipality homicide rate for each 

month from 10 to 15 months before the outcome birth rate, 

  ,   , 

  , represent the municipality homicide rates over an 

approximation of the first, second, and third trimester of the outcome birth rate, respectively, and 

, , , and  represent fixed effects at the year, month, municipality, and state times 

year level. 

The numerator for the outcome birth rate, BR, was calculated as the number of births in the 

MxFLS reproductive history. To create the denominator for the birth rate, the number of women 
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14 to 49 years old (and thus eligible to complete the reproductive history) in each wave of the 

MxFLS were counted and considered the base January population in the year following the 

initiation of that wave of the MxFLS. Thus, the count for MxFLS1 was used for January 2003, 

the count for MxFLS2 was used for January 2006, and the count for MxFLS3 was used for 

January 2010. Then a linear imputation method was used to fill in the months in between waves. 

The same strategy was used when constructing birth rates for women with less than 9 years of 

education and for women with at least 9 years of education (compulsory level). The time period 

of this analysis runs to June 2009, as this is the latest date for which the MxFLS3 reproductive 

history should contain all births up to that point, as no MxFLS3 interview took place before June 

2009. 

Table 5 displays the findings from estimation of equation 2. The results from Column 1 suggest 

that local homicide rates before conception and all the way through pregnancy did not 

significantly change overall birth rates. Additionally, when looking at a lower education 

subgroup (<9 years of education), there does not appear to be a statistical relationship between 

violence just before or during gestation on birth rates (Table 5, Column 2). Interestingly though, 

for higher educated women (9 years of education), even when controlling for a great deal of 

temporal, geographic, and even geographic time trend variation through the inclusion of fixed 

effects, it appears there is a response in birth rates to conflict.  

The estimates in Column 3 of Table 5 suggest that educated women, when faced with increasing 

violence during the time leading up to a potential conception date, are less likely to reproduce. 

Moreover, increased homicide exposure in the area of the second trimester also seems to lower 

birth rates. This second finding may be caused by families being able to forecast conflict 

intensity and deciding not to have children when violence is expected to rise during the 4 to 6 
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months before birth, or perhaps, within the subgroup of higher educated women, homicide 

exposure in the second trimester has a non-trivial impact on being able to produce a live birth.  

This finding serves to underline the importance of using a sibling fixed effects identification 

strategy in order to estimate the impact of local homicide rates on fetal health. While the current 

alternative in the field is to simply control for temporal and geographic heterogeneity through 

time and location fixed effects, the results in Table 5 suggest this strategy would contain biased 

estimates. In this specific case it appears a method of time and location fixed effects would not 

control for a compositional change amongst the second trimester exposed group of educated 

women and perhaps wrongly attribute a reduction in birth outcomes to violence exposure.  

4.2 Birth Outcomes: General Results 

This section presents results of an evaluation of the impact of local homicide rates during 

gestation, constructed as 1 to 9 months before birth, on birth outcomes. This analysis is an 

extension and contribution to previous work on conflict and in-utero health as it utilizes a sudden 

increase in violence, data that spans the non-conflict and conflict periods, and a longitudinal 

survey, which helps to address some of the potential concerns raised by systematic behavioral 

responses by different types of mothers.  

Issues related to each of the two behavioral responses discussed in section 4.1 inform and guide 

the identification strategy used to estimate the impact of local homicide rates on birth outcomes. 

As mentioned previously, migration decisions for mothers in the sample were significantly 

influenced by exposure to conflict. In order to take on this issue of systematic behavioral 

response directly, the identification strategy employed in this analysis takes an intent-to-treat 

approach. Specifically, exposure intensity during gestation for each birth will be calculated as the 
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homicide rate during that time period in the mother’s baseline (MxFLS1) municipality of 

residence, rather than the municipality of residence at birth. While this approach may attenuate 

the estimate of the impact of local violence on birth outcomes, it alleviates concerns that 

endogenous migration behavior is driving the results.  

Also, as mentioned in section 4.1, there appears to be a reduction in birth rates amongst more 

educated women when they experience higher conflict intensity prior to conception and around 

the second trimester, even after controlling for regional and temporal fixed effects. This bias 

causing systematic behavior is an example of the composition issues that may exist when only 

temporal and geographic heterogeneity is controlled. Moreover, as with any survey, the amount 

of covariates available to use as controls between mothers is limited. This limitation may lead to 

the misidentification of heterogeneity in health related preferences and behaviors of mothers 

differentially exposed to local homicide rates as an effect of violence on birth outcomes.  

These issues of composition change and omitted variable bias are ever-present in studies of fetal 

health. The strategy that will be used in this study to address these concerns is the use of sibling 

comparisons. By only making comparisons within a family, time invariant characteristics or 

preferences of the mother/household are controlled. Additionally, in an attempt to limit the 

potential for time-varying within-family behavioral changes related to violence exposure biasing 

the results, samples that are limited to births conceived before violence levels could be 

predictably anticipated are utilized. Finally, available time-varying characteristics (mother’s 

education, age at birth, employment status, earnings per month, and marital status, as well as, 

household size, rural status and per capita expenditure) between baseline and MxFLS2 are 

included. Since these characteristics are not measured at the time of birth (except for age at birth) 

they are assigned as follows (except for age at birth): if a birth is from the MxFLS3 reproductive 
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history they are assigned the time-varying characteristic reported in MxFLS2 and if the birth is 

from the MxFLS2 reproductive history they are assigned the time-varying characteristic reported 

in MxFLS1. 

Standard temporal (month of birth, year of birth, month of interview, and year of interview) and 

geographic (municipality of birth) fixed effects are also included in some specifications to 

control for any spurious relationship between the date of interview, as well as, the time and place 

of the birth and the birth outcome, which is unrelated to violence exposure. Furthermore, when 

sample sizes are large enough, state of birth interacted with year of birth fixed effects are 

included to remove additional state-year trend unobserved heterogeneity from the analysis.  

Finally, local homicide rates from before conception and after birth will be included as controls. 

The results from section 4.1 make it clear that behaviors related to family planning are being 

impacted by local violence several months before the potential conception month. To account for 

these fertility behaviors as well as other behaviors related to violence that may change the 

composition of maternal characteristics, even in a within-family comparison, the local homicide 

rates for the 6 months before conception, 15 to 10 months before birth, are included. In addition, 

it may be the case that local violence in the time surrounding a birth has a relationship to birth 

outcomes that is unrelated to its impact on the fetal health of the child. As such, the homicide 

rate for the 6 months after birth are additionally added to the regression, as these homicides 

should be related to the local homicide rate during pregnancy but unrelated to birth outcomes and 

serve to control for any additional spurious relationship.  

The empirical strategy is illustrated in the following regression framework:  
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                 

  



   

      
      
      

  



     

Where b is the birth outcome of individual i born in municipality j in time t to mother m, that 

resided in municipality k at baseline, captures sibling fixed effects,  are indicators of the 

year of birth,  are indicators of the month of birth,  are indicators of the year of 

interview,  are indicators of the month of interview,  are municipality of birth fixed 

effects,  are state of birth interacted with year of birth fixed effects, is a vector 

of individual (gender, birth order fixed effects, and survey wave) and time-varying 

mother/household characteristics, and      

 ,    , 

   , and    are homicide 

rates in the municipality of mother’s baseline residence, k, during specific periods before, during 

and after gestation of individual, i. 

Table 6 presents the estimates from specifications that build up to equation 3. In Column 1, using 

a specification without sibling fixed effects, it appears that local violence in the middle of 

gestation, 4 to 6 months before birth, is negatively related to a loss in birth weight, while 

exposure during the rest of gestation is non-significant. This estimate though may be driven by 

the change in fertility behavior presented in Table 5. Table 5 suggested that the comparison 

group of mothers exposed to violence in the second trimester is composed of too few births to 
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women with at least compulsory education, which would lead to downward biased estimates.  

Even after adding the full set of controls other than the sibling fixed effects (Column 2) and 

moving to the sibling sample (Column 3), the magnitude of the estimate on exposure 4 to 6 

months before birth is essentially unaffected and exposure in all other parts of gestation continue 

to have no relationship to birth outcomes. 

In Column 4 the sibling fixed effects are introduced and have a dramatic effect on the results. 

First of all, once maternal fixed effects are included, the sign of the effect from exposure 4 to 6 

months before birth is reversed and the absolute magnitude is greatly diminished. Additionally, 

the estimates now suggest that experience of increased local violence 7 to 9 months before birth 

leads to statistically significantly reduced birth weight. This non-trivial change in the overall set 

of results points to the misleading conclusions that can be drawn when an analysis of crime on 

birth outcomes fails to control for unobserved heterogeneity between mothers/families. 

Moreover, as additional controls are added (Columns 5-7) the magnitude of the early gestation 

effect only grows.   

To give some guidance to interpreting the results, the average homicide rate in Mexico between 

the pre-escalation of violence period of 2005-2007 and 2009 rose by approximately 1 homicide 

per 10,000 in MxFLS1 municipalities, which would produce a rise of around .25 homicides per 

10,000 in the 3 month homicide rate. Thus, the results in Table 6 estimate that the loss in birth 

weight resulting from the average 3-month increase in violence in Mexico between the pre-

conflict period and 2009 is 75 grams (300*.25).13  


13

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An alternative way to conceptualize the estimates is to calculate the impact on birth weight of 1 

additional homicide in a representative municipality. The median 2009 population amongst 

MxFLS1 municipalities is around 60,000 people, thus according to estimates in Table 6, one 

extra homicide during early gestation in a municipality of this size would generate a 50 gram 

decrease in birth weight amongst the exposed.14  

While Table 6 restricts births to those born before July 2009 in order to shield the estimates from 

births in which local violence was easily predictable by the families, it is important to check that 

this restriction has gone far enough. To test the robustness of the initial findings, Table 7 

contains the results of the full specification from equation 3 using samples limited to children 

born before April 2009 and before January 2009, respectively. Columns 2 and 3 of Table 7 

display these findings. These estimates suggest that the inclusion of children born between 

January and June 2009 is not driving the main results, as these more restrictive samples produce 

very similar results.  

Additionally, since all the birth weight estimates are based on self-reports, it may be the case that 

the birth weight measures of children born outside a medical facility contain a great deal of error 

that is correlated with local violence exposure. Thus, an additional analysis was conducted on 

only the subsample of children born in a hospital or clinic (Table 7, Column 4). While the level 

of significance on the impact of early gestation exposure to violent crime is reduced, due to the 

increased size of the standard errors, the point estimate remains marginally statistically 

significant and the magnitude of the estimate is even larger (>15%) than the result in Table 6.15 


14
15


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In summary, the analysis of the impact of increased local conflict on birth weight consistently 

confirms that early gestation exposure leads to significantly poorer outcomes. 

To provide even more information about how local conflict is impacting birth outcomes, analysis 

on the probability of a birth falling into one of the commonly used categories of poor fetal health, 

low birth weight (<2,500g) is conducted and presented in Table 8. Column 1 provides the 

estimates of the probability of being less than 2,500 grams at birth and, due to stacking at 2,500 

grams in the data, Column 2 presents the results when those listed as weighing exactly 2,500 

grams are included as low birth weight as well. Both estimates are in concordance with the 

previous findings as they suggest that exposure to greater local violence in the first few months 

of gestation lead to an increase in the probability of falling into the category of low birth weight.  

Using a 3-month shock in the early gestation homicide rate of .25/10,000 as a base, these results 

suggest that the probability of being designated as low birth weight rises by 3-5%, which relative 

to a base of 7-10% represents a 40-50% increase in this risk factor.16    

Another important aspect of a birth is its gestational length. Unfortunately, not all mothers were 

asked the question regarding the number of weeks each pregnancy lasted. The only available 

information about gestational length for all births comes from the following question asked to 

mothers: “Was your child from pregnancy #x born premature?” The rate of answering this 

question “Yes” was quite high, 16.5% for the sample under examination, while the expected rate 

of prematurity in Mexico is closer to 7-10%. The estimates when using this measure as the 

dependent variable in equation 3 are found in Column 3 of Table 8. Surprisingly there is a 



16


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predicted reduction of self-assigned premature births with increased local homicide rates in mid 

pregnancy, as well as a potential increased risk if exposure is late in pregnancy. Given the lack of 

clarity in what the premature birth self-assignment measure is capturing, though, it is quite 

difficult to interpret this result. 

Lastly, the MxFLS asks the mothers various details of the delivery of each child, including a 

question of whether there were any complications or difficulties with each pregnancy. Column 4 

of Table 8 provides the results of estimating equation 3 using this measure as the dependent 

variable. Evaluating this analysis there does not appear to be any relationship between 

gestational violence exposure and pregnancy complications.  

In summary, children born to mothers that were exposed in early gestation to the recent surge in 

conflict caused by the Mexican drug war have substantially and statistically significantly poorer 

birth outcomes. Moreover, the general findings are consistently replicated over several samples 

and multiple layers of additional controls. 

4.3 Birth Outcomes: Effect Heterogeneity 

This section will be focused on exploring whether the effect of local violence on birth outcomes 

is significantly larger for families/mothers of lower socioeconomic status. There are several 

reasons to think this group would be particularly susceptible to the impact of violence on birth 

outcomes. First of all, there is research that suggests that the most disadvantaged groups are the 

most likely targets of cartel victimization (Diaz-Cayeros et al., 2011).  Moreover, due to this 

group’s limited means, they may be less able to compensate for negative health shocks.  

Specifically, the analysis that is conducted in this paper is an examination of the impact of local 
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violence on families in the bottom 50% of the per capita expenditure distribution at baseline or 

births to mothers with less than 9 years of education (compulsory level), respectively (Table 9).17   

For this analysis, mother’s education was assessed in two ways: educational attainment at 

baseline and educational attainment in MxFLS3.  The advantage to using baseline education is 

that it is insulated from the potential endogenous effect of local violence exposure.  On the other 

hand, by using education in MxFLS3 the measure will reflect completed education for the 

younger mothers in the sample.  Results are similar when using either measure.  

Columns 2-4 in Table 9 provide clear evidence that the birth weights of children born to 

families/mothers with lower socioeconomic status are impacted substantially harder by exposure 

to local violence early in gestation. In both cases the magnitude of the coefficient is more than 

double the size of the equivalent estimate (found in Column 1). Using .25/10,000 as a base for a 

3-month early gestation impact of the Mexican drug war shock, this translates to a reduction in 

birth weight of around 120-125 grams.18,19 

4.4 Prenatal Care 

An additional analysis that can be explored in this data is the impact local violence exposure had 

on the number and timing of a mother’s prenatal care visits during each pregnancy. Tables 10 

and 11 present the results of using the number of prenatal care visits and the probability of 

initiating prenatal care in the first two months of pregnancy as the dependent variable in equation 

3, respectively. In addition, each table includes analysis limited to the socioeconomic status 

subgroups introduced in the previous section. 


17
18

19
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In Column 1 of Table 10 the estimates of equation 3 suggest that violence exposure early in 

gestation led to significantly fewer overall prenatal care visits. The heterogeneity of this result, 

though, is less clear, as those born to families in the bottom 50 percent of the per capita 

expenditure distribution in MxFLS1 or born to mothers with less than 9 years of education in 

MxFLS3 (Columns 2 and 4) have an exacerbated effect of early gestation local violence on 

prenatal care visits, while mothers with less than compulsory education in MxFLS1 (Column 3) 

face qualitatively the same impact. Interestingly, there appears to be some evidence that elevated 

exposure to increased local homicide rates late in pregnancy leads to additional uptake of 

prenatal care amongst the low socioeconomic status subgroups. This finding may reflect either 

an increase in the compensatory behavior of these mothers or an increase in the number of 

pregnancy-related health complications these women face.  

The sheer number of prenatal care visits, though, is only one component of prenatal care 

utilization, as several studies have shown that birth outcomes are significantly improved when 

prenatal care is initiated earlier in pregnancy (Rosenzweig and Schultz, 1983; Jewell and 

Triunfo, 2006; Jewell, 2007; Wehby et al., 2009). Table 11 contains the results of estimation of 

equation 3 when using the probability of prenatal care initiation in the first two months as the 

dependent variable.  

As in Table 10, we see that exposure to local violence early in pregnancy led to poorer prenatal 

care, with mothers statistically significantly delaying prenatal care initiation, though this effect is 

not consistently stronger for low socioeconomic status mothers. Also there is evidence that the 

forward looking expectation of greater violence exposure late in pregnancy led to pro-health 

behaviors early in pregnancy amongst lower socioeconomic status families.   
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While these results display a very interesting behavioral response to local violence exposure, 

they do not seem to be the primary mechanism driving the poorer birth outcomes of exposed 

mothers, as the inclusion of both prenatal care measures as independent variables in equation 3 

only partially (5-22%) attenuates the results from Tables 6 and 8. Specifically, including the 

number of prenatal care visits and whether prenatal care initiation began in the first two moths of 

pregnancy into equation 3 reduces the estimate of the effect of increased conflict exposure 9 to 7 

months before birth from 299.9 to 281.1, 10.7% to 8.3%, and 21.2% to 20.1% for birth weight, 

being born <2,500 grams, and being born 2,500 grams respectively.20 

5. Discussion 
5.1 Relative Size of the Effect 

The analysis presented in this paper makes a strong and consistent statement that exposure to 

local violence in early pregnancy leads to statistically significantly smaller births. Placing the 

size of the effect in context, though, is of first order importance, as it provides guidance for 

determining the severity of this concealed cost of crime and conflict. 

One place to start when assessing the real toll on society caused by violence on birth outcomes is 

neonatal mortality.21  Neonatal mortality has been shown to have a strong relationship to birth 

size. Almond, Chay, and Lee’s estimate that a 100 gram increase in birth weight leads to a 

reduction of 1.5 neonatal deaths per 1,000 births (2005). Applying this to the findings presented 

previously suggests that exposure to a .25 per 10,000 increase in the homicide rate in early 


20
21
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gestation results in more than 1 additional neonatal death per 1,000 births, or an increase of 

almost 2 deaths per 1,000 births amongst mothers of lower socioeconomic status.22,23   

A different way to provide perspective on the magnitude of the adverse impact of the Mexican 

drug war on fetal health is to compare its effect to commonly cited drivers of birth outcomes 

such as nutrition and maternal smoking. The Supplemental Nutrition Program for Women, 

Infants, and Children (WIC) and the Food Stamp Program (FSP) in the United States have been 

evaluated in terms of their positive effect on birth weight by Hoynes et al. and Almond et al., 

respectively (2011). 

Hoynes et al. estimate a 2 gram effect of WIC on the average population and a 18-29 gram 

impact amongst participants, and Almond et al. find that FSP led to birth weight increases of 2-5 

grams in general and 15-40 grams amongst the treated (2011). These effect sizes suggest that the 

impact of these programs, even amongst the highly selected participants, is considerably smaller 

than the harmful influence of being in utero during high levels of local violence.  

Smoking, the most commonly accepted environmental risk factor of fetal health, provides an 

additional way to contextualize the size of the impact of the Mexican drug war. Taking the 

estimates produced from multiple strategies to assess the effect of maternal smoking on birth 

weight provides a general finding of around a 200-230 gram and a 100-130 gram loss in birth 

weight for children born to women that were heavy (11+ cigarettes a day) and light smokers 

during pregnancy, respectively (Rosenzweig and Schultz, 1983; Sexton and Hebel, 1984; Brooke 


22



23

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et al., 1989; Wilcox, 1993; Almond et al., 2005; Ward et al., 2007). This suggests that the impact 

of the rise in violence in Mexico between the pre-conflict period of 2005-2007 and 2009 on birth 

weight was at least one-third and two-thirds the size of the effect of having a heavy and light 

smoking mother during gestation, respectively. If focusing on the larger harm done to the birth 

outcomes of the mothers of lower socioeconomic status, the violence in Mexico had an effect 

half the size of having a heavy smoking mother or was equivalent to being exposed to a lightly 

smoking mother during gestation. 

A final way to evaluate the magnitude of the effect of the Mexican drug war on fetal health is to 

compare its adverse impact to the gains achieved in Mexico by Oportunidades/PROGRESA, a 

government social assistance program partially designed to improve birth outcomes of 

participating women.  Oportunidades (formerly PROGRESA) is a large-scale conditional cash 

transfer (CCT) program in Mexico that targets poorer families and ties compensation to 

investment in the education and health of the household’s children.  One component of the 

program was a condition that pregnant women needed to complete a prearranged prenatal care 

plan, acquire specific nutritional supplements, and attend meetings that focus on pregnancy 

health education (Barber and Gertler 2008).  Evaluation of the impact this program had on the 

birth outcomes of participating mothers suggests that the children exposed to Oportunidades in 

utero were born 127 grams heavier (Barber and Gertler 2008).  This estimate mirrors the 

magnitude of the negative impact on birth weight of exposure to the Mexican drug war in early 

gestation for lower socioeconomic status mothers (the group most similar to the Oportunidades 

sample), suggesting this recent conflict could be eliminating the gains of one of the oldest and 

largest CCTs in existence.  
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 5.2 Mechanisms 

One area in which this analysis is unable to make particularly definitive statements is in terms of 

the relative importance of each of the potential pathways through which local violence impacts 

birth outcomes. The main avenues suggested by the literature for an effect of local violence on 

birth outcomes are: biological reaction to anxiety, poorer health behaviors (e.g. smoking, less 

exercise), decreased use of health care, or constrained nutrient intake. Given the results 

mentioned in subsection 4.4 and shown in Table A6, while it appears prenatal care was reduced 

and delayed due to exposure to violence, this is not the primary cause of the reduction in birth 

weight, accounting for only around 10% of the effect. 

Another mechanism worth considering is reduced nutrition. There is considerable evidence that 

increased local homicide rates led to poorer economic outcomes (employment, earnings, hourly 

wages) for the exposed adults (Dell, 2011; Velasquez, 2013; Robles et al., 2013). If this shock to 

economic outcomes served to restrict the budget constraint of the household, leading to less 

nutrients being consumed by a pregnant family member, this may directly impact the fetal health 

of the in utero child. Almond and Mazumder find that a fetus, provided limited nutrients due to 

the mother’s experience of Ramadan, is statistically significantly reduced in size at birth (2011). 

This effect, though, is not restricted to early gestation exposure. Reduced nutrient intake due to 

Ramadan reduced birth weight amongst children exposed in the first trimester (20 grams), as 

well as, the second trimester (26 grams). The wider temporal scope of the effect of restricted 

nutrient intake, as compared to the limited timing of the effect of local homicides, suggests that 

this may not be the primary pathway through which violence is impacting birth outcomes, 

although it does not completely rule out its contribution. For instance, it may be the case that 

when a family experiences a shock in earnings in mid gestation, they reallocate resources 
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specifically to avoid the pregnant mother facing reduced nutrition, whereas this is not the case 

when a family is faced with financial deficits early in a women’s pregnancy.  

A more compelling argument that nutrition is not the main driver of the results is that the effect 

size estimated by Almond and Mazumder, as well as, the various studies of nutrition programs 

mentioned previously, such as WIC (2-5 grams) and FSP (2-5 grams), is significantly smaller 

than those found in this study. Given that those studies focused directly on nutrition and found 

much smaller effects, it is less likely that the hypothesized potential nutrient restriction from 

Mexican drug war exposure would be the leading mechanism resulting in the large negative 

estimates found in this paper. Unfortunately, without detailed individual-level consumption data 

over the gestation period, the level, timing, and impact of potential nutrient restrictions cannot be 

assessed.  

The mechanism most commonly thought to be operating on birth outcomes during conflict is the 

fetus’s exposure to maternal anxiety. The timing of the effect estimated in this study, early 

gestation, matches up with the findings from the medical and economics literature on the impact 

of maternal mental distress on fetal health (Schulte et al., 1990; de Weerth and Buitelaar, 2005; 

Camacho, 2008; Torche, 2011; Brown, 2013). Moreover, while the results in this paper are much 

larger than those found in Camacho or Brown (9 and 15 grams, respectively), they are of the 

magnitude of those reported by Torche (51 grams).24  This suggests that if maternal stress is the 


24

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

 



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first order pathway being exploited in this study, the violence and victimization caused by the 

Mexican drug war may be leveling the same amount of anxiety on its population as a natural 

disaster such as an earthquake.  

A final potential mechanism that may be triggering the large influence local violence is having 

on birth outcomes is a change in maternal health behaviors. If exposure to local conflict spurs 

mothers to engage in risk-taking and/or health-reducing behaviors such as smoking or reduced 

exercise, this would have a non-trivial impact on the health of the fetus. While the MxFLS does 

not have data on tobacco consumption or physical activity with timing information at the level of 

detail needed to test if these behaviors saw an uptick in expression during each pregnancy, 

analysis can be conducted to determine if exposure to local violence changes the smoking and 

exercise behavior of the mothers in this sample.   

Utilizing the longitudinal nature of the MxFLS, a respondent’s level of smoking or exercise 

when measured in MxFLS2 can be compared to the same respondent’s behavior in MxFLS3.  

Specifically, it is possible to determine if the amount of local violence experienced in the year 

leading up to the interview significantly changed health oriented behaviors while controlling for 

all time-invariant heterogeneity at the individual level. As before, in order to eliminate the issue 

of endogenous migration, homicide rate level is assigned based on the pre-escalation of violence 

location of residence, in this case the MxFLS2 municipality of residence.  

To examine this relationship the following equation was estimated: 

 

              

  
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where, y, is the health behavior of mother i, in survey wave w, interviewed in municipality j, and 

residing in municipality, k, in MxFLS2.    , 

represents the homicide rate over the 12 months prior to the interview in the municipality the 

respondent resided in at MxFLS2 interview,  , , , and  represent fixed effects at the 

individual, year of interview, month of interview, and municipality of interview level, and, 

is a vector of time-varying individual (age, marital status, educational attainment, monthly 

earnings, and employment status) and household (household size, rural status, and per capita 

expenditure) characteristics. 

Columns 1, 2, and 3 of Table 12 display the results of estimating equation 4 using the number of 

cigarettes smoked per week, the number of exercise days between Monday and Friday, and the 

amount of exercise time per day as the dependent variable, respectively.  The results provide 

evidence that these mothers were not spurred to change health behavior in a negative way due to 

local violence exposure.  While these results indicate that the negative impact on birth outcomes 

due to local conflict exposure was not a result of increased smoking or decreased exercise, the 

analyses are not detailed enough to detect changes during pregnancy periods and can only be 

taken as suggestive evidence.  

6. Conclusion 

The sudden and horrific internal conflict in Mexico has cost the country thousands of lives and 

disseminated a widespread sense of insecurity amongst the non-combatants. Research has 

documented some of the explicit effects of the violence such as increased victimization 

(extortions, kidnappings) and losses of earnings and employment. What has been left unexplored 

is the toll the increased violence may have on the well-being of the next generation.  
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Medical and economic research has continually produced a link between birth outcomes and 

markers of long run health, education, and employment outcomes. This set of facts, paired with 

the potential mechanisms at play in Mexico that may effect fetal health (maternal stress, resource 

restriction, reduced prenatal care), provides reason to believe that the Mexican drug war can 

adversely impact the long-term trajectories of those exposed in utero. 

Evaluating the effect of conflict in any region on individual-level health outcomes always faces 

the challenges of separating out spurious relationships, as well as, tracking and correcting for 

behavioral responses. With these concerns in mind, this analysis is conducted on a violent 

conflict that escalated swiftly and with a great deal of heterogeneity, using data that contains the 

non-conflict and conflict periods, allows for the documentation and control of the potential 

concerns raised by systematic behavioral response, and can take advantage of sibling 

comparisons.  

This research finds that, once migration, fertility behavior, and between mother heterogeneity is 

accounted for, estimates of the effect of local violence on birth outcomes are remarkably 

consistent and large. Specifically, the analysis finds that an increase in local violence in early 

gestation of the scale experienced in Mexico between the pre-escalation of violence period of 

2005-2007 and 2009 leads to a 75 gram reduction in birth weight and a 40-50% increased risk 

being born low birth weight. The large magnitude of the effect on birth weight is further 

exacerbated amongst those of lower socioeconomic status, with the children of this group of 

exposed mothers facing decreases of around 120-125 grams on average.  

These estimates suggest that exposure to the Mexican drug war causes damage to birth weight 10 

times larger than the gains found in U.S federal nutrition programs and about one-half the size of 
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being born to a mother that smokes during pregnancy.  Moreover, for children of lower 

socioeconomic households, the adverse effect of the recent exposure is equivalent to the gains 

scene in the birth weight of pregnant mothers enrolled in the large and successful Mexican 

conditional cash transfer program, Oportunidades. Most disturbingly, the homicide rate in many 

municipalities in Mexico has only continued to rise since 2009, suggesting these effect sizes are 

in fact lower bounds of the overall toll this internal war has taken on the next generation of 

Mexicans citizens. 

 

 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 46 

7.  References  

Almond, D., Chay, K., and Lee, D. (2005). “The Costs of Low Birthweight.” The Quarterly 
Journal of Economics, 120 (3), 1031-1083  

 
Almond, D. and Currie, J. (2011). “Killing Me Softly: The Fetal Origins Hypothesis.”  Journal 

of Economic Perspectives, 25 (3), 153-72 
 
Almond, D., Hoynes, H., and Schanzenbach, D. (2011). “Inside the War on Poverty: The Impact 

of Food Stamps on Birth Outcomes.” The Review of Economics and Statistics, 93 (2), 
387-403 

 
Almond, D. and Mazumder, B. (2011). “Health capital and the prenatal environment: the effect 

of Ramadan observance during pregnancy.”  American Economic Journal: Applied 
Economic, 3 (4), 56-85 

 
Barber, S. and Gertler, P. (2008). “The Impact of Mexico’s Conditional Cash Transfer 

Programme, Oportunidades, on Birthweight.” Tropical Medicine and International 
Health, 13 (11), 1405-1414 

 
Behrman, J. and Rosenzweig, M. (2004). “Returns to Birthweight.” The Review of Economics 

and Statistics, 86 (2), 586-601 
 
Beydoun, H. and Saftlas A. (2008). “Physical and Mental Health Outcomes of Prenatal Maternal 

Stress in Humans and Animal Studies: A Review of Recent Evidence.” Paediatric and 
Perinatal Epidemiology, 22 (5), 438-466 

 
Bharadwaj, P., Eberhard, J., and Nelson, C. (2010). “Do Initial Endowments Matter Only 

Initially? Birth Weight, Parental Investments and Academic Achievement in School”, 
working paper, University of California-San Diego 

 
Black, S., Devereux, P., and Salvanes, K. (2007). “From the Cradle to the Market? The Effect of 

Birth Weight on Adult Outcomes.” Quarterly Journal of Economics, 122 (1), 409-39 
 
Brooke, O., Anderson, H., Bland, J., Peacock, J., and Stewart, C. (1989). “Effects on Birth 

Weight of Smoking, Alcohol, Caffeine, Socioeconomic Factors, and Psychological 
Stress.” British Medical Journal, 298 (6676), 795-801  

 
Brown, R. (2013). “The Intergenerational Impact of Terror: The Extended Reach of the 9/11 

Tragedy.”  Duke University Working Paper 
 
Brown, R. and Velasquez A. (2013). “The Effect of Violent Conflict in Mexico on the Human 

Capital Accumulation of Children and Young Adults.” Duke University Working Paper 
 
Camacho, A. (2008). “Stress and Birth Weight: Evidence from Terrorist Attacks.” American 

Economic Review: Papers & Proceedings, 98 (2), 511-515 
 



 47 

Castillo, J., Mejía, D., Restrepo, P. (2013). “Illegal Drug Markets and Violence in Mexico: The 
Causes Beyond Calderón.” Mimeo, Universidad de los Andes 

 
de Catanzaro, D. and Macniven, E. (1992). “Psychogenic pregnancy disruptions in mammals.” 

Neuroscience & Biobehavioral Reviews, 16, 43-53 
 
de Weerth, C. and Buitelaar, J. (2005). ``Physiological stress reactivity in human pregnancy--a 

review." Neuroscience & Biobehavioral Reviews, 29, 295-312 
 
Dell, M. (2011). “Trafficking Networks and the Mexican Drug War.” Mimeo. Harvard 

University 
 
Díaz-Cayeros, A., B. Magaloni, A. Matanock, and V. Romero (2011). “Living in Fear: Mapping 

the Social Embeddedness of Drug Gangs and Violence in Mexico,” mimeo 
 
Figlio, D., Guryan, J., Krzysztof, K., Roth, J. (2013). “The Effects of Poor Neonatal Health on 

Children’s Cognitive Development.” NBER Working Paper 18846 
 
Guerrero-Gutiérrez, E. (2011). “Security, Drugs, and Violence in Mexico: A Survey." 7th North 
 American Forum, Washington D.C. 
 
Hoynes, H., Page, M., and Stevens, A. (2011). “Can  Targeted Transfers Improve Birth 

Outcomes?: Evidence from the Introduction of the WIC Program.” Journal of Public 
Economics, 95 (7-8), 813-827 

 
Instituto Nacional de Estadística, Geografía e Informática. (2003). “Síntesis Metodológica de las 

Estadísticas Vitales.” Mexico: INEGI 
 
Jewell, R. (2007). “Prenatal Care and Birthweight Production: Evidence from South America.” 

Applied Economics, 39, 415-426 
 
Jewell, R. and Triunfo, P. (2006). “The Impact of Prenatal Care on Birthweight: the case of 

Uruguay.” Health Economics, 15 (11), 1245-1250 
 
Mancuso, R., Schetter, C., Rini, C., Roesch, S., and Hobel, C. (2004). ``Maternal Prenatal 

Anxiety and Corticotropin-Releasing Hormone Associated with Timing of Delivery." 
Psychosom Med, 66 (5), 762-69 

 
Mansour H. and Rees, D. (2012). “Armed conflict and birth weight: Evidence from the al-Aqsa 

Intifada”. Journal of Development Economics, 99, 190-199 
 
McEwen, B. S. (1998). ``Protective and Damaging Effects of Stress Mediators." The New 

England Journal of Medicine, 338, 171-179 
 



 48 

Molzahn,C., Rios V., and Shirk, D. (2012). “Drug Violence in Mexico: Data and Analysis 
Through 2011” Trans Border Institute Joan B. Kroc School of Peace Studies University 
of San Diego 

 
Mulder, E., Robles de Medina, P., Huizink, A., Van den Bergh, B., Buitelaar, J., and Visser, G. 

(2002). “Prenatal Maternal Stress: Effects on Pregnancy and the (Unborn) Child.” Early 
Human Development, 70, 3-14 

 
Rios, V. and Shirk D. (2012). “Drug Violence in Mexico: Data and Analysis through 2010.” 

Trans-Border Insitute Joan B. Kroc School of Peace Studies, University of San Diego 
 
Robles, G., Calderon, G., and Magaloni B. (2013). “The Economic Consequences of Violence 

and Crime in Mexico”. Working Paper for The Costs of Crime and Violence in Latin 
American and the Caribbean:  Methodological Innovations and New Dimensions, IDB 
2013 

 
Rosenzweig, M. and Schultz, T. (1983). “Estimating a Household Production Function: 

Heterogeneity, the Demand for Health Inputs, and Their Effects on Birth Weight.” 
Journal of Political Economy, 91 (5), 723-746  

 
Rosenzweig, M. and Zhang, J. (2012). “Economic Growth, Comparative Advantage, and Gender 

Difference in Schooling Outcomes: Evidence from the Birthweight Differences of 
Chinese Twins.” Yale University Economics Department Working Paper #98 

 
Schulte, H., Weisner, D., and Allolio, B. (1990). ``The Corticotropin Releasing Hormone Test in 

Late Pregnancy: lack of Adrenocorticotropin and Cortisol Response ." Clinical 
Endocrinology, 33 (1), 99-106 

 
Sexton, M. and Hebel J. (1984) “A Clinical Trial of Change in Maternal Smoking and its Effect 

on Birth Weight.” The Journal of the American Medical Association, 251 (7), 911-915 
 
Strauss, J. and Thomas, D. (2007). “Chapter 54: Health Over the Life Course.”  Handbook of 

Development Economics, 4, 3375-3474 
 
Torche, F. (2011). “The Effect of Maternal Stress on Birth Outcomes: Exploiting a Natural 

Experiment” Demography, 48 (4), 1471-1493 
 
Torche, F. and Echevarria, G. (2011). “The Effect of Birthweight on Childhood Cognitive 

Development in a Middle-Income Country.” International Journal of Epidemiology, 40 
(4), 1008-1018 

 
Torche, F. and Villarreal A. (2012). “Prenatal exposure to violence and birth weight in Mexico: 

Selectivity, exposure, and behavioral responses” Working Paper 
 
Velasquez, A. (2013). “The Economic Burden of Crime.”  Duke University Working Paper 
 



 49 

Wadhwa, P., Sandman, C., Porto, Dunkel-Schetter, C., and Garite, T. (1993). “The Association 
Between Prenatal Stress and Infant Birth Weight and Gestational Age at Birth: A 
Prospective Investigation.” American Journal of Obstetrics and Gynecology, 169 (4), 
858-65 

 
Wadhwa, P., Culhane J., Rauh, V., and Barve, S. (2001). “Stress and Preterm Birth: 

Neuroendocrine, Immune$/$Inflammatory, and Vascular Mechanisms” Maternal and 
Child Health Journal, 5, 119-25 

 
Wadhwa, P., Garite, T., Porto, M., Glynn, L., Chicz-DeMet, A., Dunkel-Schetter, C., and 

Sandman, C. (2004). “Placental Corticotropin-Releasing Hormone (CRH), Spontaneous 
Preterm Birth, and Fetal Growth Restriction: A Prospective Investigation.” American 
Journal of Obstetrics and Gynecology, 191 (4), 1059-60 

 
Ward, C., Lewis, S., and Coleman, T. (2007). “Prevalence of Maternal Smoking and 

Environmental Tobacco Smoke Exposure During Pregnancy and Impact on Birth 
Weight:Retrospective Study Using Millennium Cohort.” BMC Public Health, 7 (81), 1-7 

 
Wehby, G., Murray, J, Castilla, E., Lopez-Camelo, J., and Ohsfeldt, R. (2009). Quatile effects of 

prenatal care utilization on birth weight in Argentina.”  Health Economics, 18 (11), 1307-
1321 

 
Wilcox, A. (1993). “Birth Weight and Perinatal Mortality: The Effect of Maternal Smoking.” 

American Journal of Epidemiology, 137 (10), 1098-1104 
 

















































           





























                     




























     

   
 

 
 
   

 
   

 
   

 
   

 
   

 
   

 
   

 
   

 
   

 

     
     













 

  


  

    
  

   
  

   
  

   

   

   
   

   
  

   
  

   

  

   
  

   

  

   
  
  

   
  

   
  

   
  

   
  

   
   

   
   

   
  

   
  

   
  

   

  

   
  

   
  

   
  

   

  

   
  

   
  

   

  

   
  

   
  

   
  

   

  
  
  









 
  

      
     


       

     
       

     
       

     
       

     
       

     
       

     


       

     
       

     
       

     


       

     
       

     
       

     
       

     
       

     
       

     
       

     

       
       



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

  
      

     
     


   

      
   

     
     

     
   

     
   

     
     

     
     

     
   

     
   

     

      
      


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
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
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  

   

    
     

   
     

   
     

    
     

   
     

   
     

   
     

    
     

   
     

   
   












       

           
             

        
             

       
             

       
       
       
       
       

       
       
     















   

    

        
       

    
       

    
       

    
    
    
    
    

    
    
     















   
    

      
       

     
       

     
       

    
    
    
    
    

    
    
     















   
    

        
       

    
       

    
       

    
    
    
    
    

    
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











     

     
         

     
         

     
         

     
     
     
     
     

     
     
     
















   
    

     
       

    
       

    
       

    
    
    
    
    

    
    
     















  
   

     
     

   
     

   
     

   
   
   
   
   

   
   
    









