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ABSTRACT: Islamophobia has increased in recent years which can be partly attributed 

to terrorist attacks perpetrated by jihadist groups. Islamophobia might be a source of 

stress, being problematic for pregnant (Muslim) women. We examine how stress 

generated by the 2017 Catalonia (Spain) attacks affected the health of newborns whose 

mothers are from a Muslim country (as the perpetrators). We use a difference-in-

differences-in-differences model comparing newborns whose mothers come from a 

Muslim country and are residing in a municipality directly affected by the attacks, to 

other newborns, before-after the attacks. Results show that the share of low-birth-weight 

babies and deliveries with complications raise significantly by 23.77%, and 13.02%. We 

document a significant increase in Islamophobia and in emotional distress in our treated 

group. We conclude that one of the channels contributing to the deterioration of those 

newborns health is the stress faced by their mothers that resulted from the increase in 

Islamophobia. 
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1 Introduction

During the last years, several terrorist attacks have been executed across western countries. For

instance, those perpetrated by jihadist groups such as the 9/11 attacks, the bombing at Madrid’s

biggest train station in 2004, the London bombing of July 2005, the shooting in Paris in January 2015

and November 2015, and others perpetrated in Brussels, Nice and Berlin. In Spain, the last one was

in Barcelona – Cambrils (august 2017) with 16 dead and a hundred of injured.

Terrorist attacks impose considerable individual and societal costs (Krueger, 2007). With respect

to jihadist attacks, they have generated an increase in the rejection against the Muslim community

across countries, which in turns, may generate an increase in islamophobia, especially in the affected

cities after a jihadist attack (Elver, 2012; Gould & Klor, 2016; Kaplan, 2006; Swahn et al., 2003).

Islamophobia can be experienced by the Muslim community in many aspects of daily life in terms

of feelings of rejection, harassment, fear, hate speech, among others (Amer & Bagasra, 2013; Union

of Muslim Communities in Spain, 2018). According to the European Union Agency for Fundamental

Rights (2018), as reported in its Second Survey of the European Union on Minorities and Discrimi-

nation for Muslims, 39% of the sample felt discriminated because of their origin. Focusing only on

women, we see that 35% felt discriminated, which represents an increase of 11 percentage points com-

pared to the same survey in 2008. In addition, 31% of them experienced harassment, 39% have been

subjected to inappropriate looks or offensive gestures in the 12 months prior to the survey, and 22%

have been subject to insults because of their immigrant and Muslim condition. In addition, there is

also some evidence of an increase in hate crimes against Muslims after a jihadist attack (Gould &

Klor, 2016; Ivandic, Kirchmaier, Machin, et al., 2019).

This discrimination and stigma may be a source of stress for the immigrant Muslim community

living in western countries. This stress is particularly problematic for pregnant Muslim women, even

if they do not directly experience the discrimination, because the concern about what might hap-

pen would be a considerable source of stress as a post-terrorism-event psychological consequence 1

(Bader & Berg, 2013; Becker & Rubinstein, 2011; DiMaggio & Galea, 2006; Hobfoll, Canetti-Nisim, &

Johnson, 2006). There is vast (medical) literature showing that intrauterine exposure to stress has a

negative influence on health at birth. For instance, it increases probabilities of low birth weight 2, and

complications during pregnancy and delivery (Beydoun & Saftlas, 2008; Khashan et al., 2008; Rondó

et al., 2003; Torche, 2011). There is also some economic literature on this regards; for example Black,

Devereux, and Salvanes (2016) find that stress leads to worst health at birth outcomes in Norway, and

Persson and Rossin-Slater (2018) find that stress during pregnancy depress birth outcomes and raise

the risk of perinatal complications.

The aim of this paper, therefore, is to identify the impact of the Catalonia 2017 jihadist terrorist

attack on health at birth for newborns whose mothers are from Muslim countries living in affected

cities. To do so, we exploit the exogenous source of stress coming from the attacks occurred in

Catalonia in august 2017, as the exact location, intensity, and timing were largely unpredicted by the

1In addition, terrorism may cause devastating consequences in terms of lost human lives and lost infrastructure.
(Bloomberg, Hess, & Orphanides, 2004; Krueger, 2007; Lenain, Bonturi, & Koen, 2002)

2According to the World Health Organization (WHO), low birth weight is defined as weighting less than 2500 grams
at birth.
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general population. We use a difference-in-differences-in-differences strategy to estimate the effect of

the attacks on health at birth comparing differences across mother’s country of origin, Muslims vs

non Muslims (first difference), and mother’s municipality of residence, affected vs non-affected cities

(second difference), before and after the attacks.

Health conditions at birth, such as birth weight, have been found to be a significant determinant

of child and adulthood outcomes in terms of health, education and earnings. For example, Almond,

Chay, and Lee (2005), using data for the U.S., found that lower birth weight newborns experience

developmental difficulties. Black, Devereux, and Salvanes (2007) found that lower birth weight babies

have worse outcomes in terms of educational attainment and adult earnings in Norway. Currie and

Vogl (2013) studied the links between fetal health and long-term outcomes for developing countries,

and they conclude that health in early life is a more significant determinant in these types of economies.

Likewise, Almond and Currie (2011) made an extensive review on the effects of birth weight on socio-

economic adult outcomes.

Research assessing the causal link between terrorist attacks and health at birth is scarce. For

instance, Camacho (2008) using data for Colombia, assessed the impact of exposure to landmines,

as a source of exogenous stress, on birth weight. She found that exposure in the first three months

of pregnancy decreases birth weight by 8.7 grams. Despite this result, it should be mentioned that

landmines in Colombia were not the primary source of stress for the general population as were

car bombs and massacres, as pointed out by Mansour and Rees (2012). Mansour and Rees (2012)

estimated the effect of intrauterine exposure to armed conflict on pregnancy outcomes using data on

the al-Aqsa Intifada 3. They found that stress due to the conflict decreases birth weight and increases

the probability of having a low birth weight baby. However, as recognized by the authors, other

channels in the Palestinian conflict context may be affecting birth weight, such as malnutrition and

lack of access to medical facilities, due to mobility restrictions in the region. Quintana-Domeque and

Ródenas-Serrano (2017) studied the effects of intrauterine exposure to terrorism in Spain. Focusing

on the ETA 4 attacks, they found that exposure to terrorism in the first months of pregnancy has

detrimental effects on average birth weight and the fraction of normal babies. Finally, there are other

papers that exploit the attacks occurred in September 2001 in New York City and document a negative

association between the attacks and health at birth (Berkowitz et al., 2003; Brown, 2012; Eskenazi,

Marks, Catalano, Bruckner, & Toniolo, 2007; Smits, Krabbendam, De Bie, Essed, & Van Os, 2006).

Our paper contributes in several ways to two strands of the literature, (i) maternal stress and

birth outcomes, and (ii) discrimination and health. Thus, to our knowledge, this is the first attempt

to provide causal evidence on the effects of jihadist terrorism on health at birth outcomes. As described

before, previous literature has focused on the impact of terrorism on newborns’ health as a whole.

We rather exploit a new channel through which Muslim pregnant women may be affected, that is, the

increased islamophobia that may be a source of stress. As emphasized by Sheridan and Gillett (2005)

as part of his research on discrimination, a terrorist attack may influence perceptions that other social

groups have about the social group to which the perpetrators belong.

3Al-Aqsa Intifada is the name given to describe the armed conflict between Palestinians and Israel between years
2000 and 2004.

4ETA is the “Euskadi ta Askatasuna” or Basque Homeland and Freedom, terrorist group in Spain.
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We also contribute to the discussion on the negative consequences that jihadist attacks may have

on the Muslim community. Several papers have found an increase in hate crimes right after a terrorist

attack perpetrated by jihadist groups. For instance, Ivandic et al. (2019) document a causal link

between local anti-Muslim hate crimes and jihadist terror attacks in the United Kingdom. Sheridan

and Gillett (2005) and Gould and Klor (2016) find the same results for the New York 9/11 attacks.

Thus, we provide new evidence on increased Islamophobia as a mechanism behind detrimental health

outcomes at birth. In addition, we explore whether Muslim women living in target cities may be

affected by increased levels of stress right after a jihadist terrorist attack.

To do so, we take advantage of the attacks as an exogenous surge in discrimination that can be

isolated from Muslim mothers’ characteristics, and add evidence on the negative effects that discrimi-

nation may have on health. Research on this issue is scarce in the economics literature. For instance,

Johnston and Lordan (2012) estimate the causal impact of increased Anti-Muslim discrimination on a

range of objective and subjective health outcomes for the UK and find that discrimination is linked to

worse health outcomes such as blood pressure, cholesterol, body mass index and self-assessed health.

Likewise, Maas and Lu (2021) evaluate whether partisan politic discrimination affects health. Their

results show that mortality rates for counties that vote for the loser candidate increase after elections.

The main mechanism behind this result is increased feelings of social disintegration (stress, anxiety and

isolation). In the same line, Samnaliev (2014) examines the link between discrimination, victimization,

and social standing on health-related quality of life (HRQL) for sexual orientation minorities, and find

that the affected group shows lower HRQL. Additional research has been conducted in the public

health and epidemiology literature and, most of these studies, find that discrimination is associated

with worse health (Lauderdale, 2006; Williams, Neighbors, & Jackson, 2003).

As an additional contribution, our analysis is implemented at the local level using data from

municipalities, rather than at a more aggregate level (provinces or regions) as is usually done in the

literature on terrorist attacks and health at birth 5. In this way, we can take into account that not

everyone is equally affected within a province.

Finally, we exploit the exogenous and unpredictable elements of the timing, intensity, and location

of the Catalonia 2017 attacks, and apply an identification strategy, triple differences, that allows us to

control for two kinds of potentially confounding trends: changes affecting health at birth outcomes of

Muslim newborns, unrelated to the attacks, and changes affecting health at birth outcomes of all Mus-

lim and non-Muslims babies living in the treated cities (cities where the attacks where perpetrated).

As a first insight of our results, we find that newborns from immigrant Muslims mothers living

in the affected cities have worse health at birth outcomes. In terms of birth weight, they show a

higher probability of being born with low weight. Regarding deliveries, there is an increase in the

share of complications. Our baseline estimates show that the Catalonia 2017 attack is translated into

an increase in the probability of having a low birth weight newborn by 1.60 percentage points, and

an increase in the share of complications by 1.47 percentage points. In addition, we find that being

exposed (while in utero) to the attacks during the first trimester of gestation is linked to detrimental

5See for example Quintana-Domeque and Ródenas-Serrano (2017).
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health at birth outcomes, although we also find negative effects on the second and third trimesters.

Our results are robust to a battery of robustness checks such as a placebo treatment group, indirect

treatment effects (using distance to affected cities) and city-specific effects. Moreover, we provide some

evidence on the increase of Islamophobia in the affected zones, relative to the rest of the territory. We

find an increase in the rejection against Muslims by 5.46 percentage points and an increase in reported

hate crimes after the attacks. Additionally, we find evidence supporting increased levels of stress as

well as stress-induced behavioral responses associated to the attacks.

The results will have important policy implications regarding the situation of the immigrant Mus-

lim population living in non-Muslim countries. As mentioned above, newborns’ health matters for

future socio-economic outcomes such as adult health, earnings and quality of life, and increased dis-

crimination may reinforce the differences already existing between Muslims and non-Muslim. For

example, Muslims living in Spain have, on average, lower levels of education than natives, are less

likely to find a job due to their religion, and earn lower wages compared to Spaniards with the same

degree and in a similar employment position (European Union Agency for Fundamental Rights, 2018).

Thus, our results should raise awareness of the potential negative impacts for the Muslim population

and should encourage authorities to implement and work towards more anti-discrimination policies

that will foster a more inclusive society. Finally, our findings may be an useful tool across countries

in which there is a high percentage of Muslim individuals, and have been also affected by terrorist

attacks.

The rest of the paper proceeds as follows. Section 2 provides the context of the Catalonia attacks

and rejection against Muslims. Section 3 describes the data sets and shows some summary statistics.

Section 4 presents the empirical strategy. Section 5 presents the results. In section 6, we present

a battery of robustness checks and, in section 7, we assess possible mechanisms. Finally, section 8

concludes with a discussion of the results.

2 Background

2.1 The Catalonia attacks

Catalonia is one of the 19 Regions ”Comunidades Autónomas” of Spain. It is made up of four provinces:

Barcelona, Girona, Lleida and Tarragona. In August 2017 a group of individuals, using vehicles and

knives, executed a terrorist attack in the cities of Barcelona and Cambrils, located in the provinces

of Barcelona and Tarragona, respectively (Reinares & Garćıa-Calvo, 2017). A jihadist organization

assumed the responsibility of these attacks, where, as described by Reinares and Garćıa-Calvo (2018),

the perpetrators were a group of nine second-generation Muslim youth who were raised and residents

of the city of Ripoll, located in the province of Girona.

These attacks took place, first in the city of Barcelona, during the afternoon of August the 17th

2017, when a vehicle was introduced in the pedestrian zone of the popular ”Las Ramblas” hitting all

the people walking in the area. As a result of this act, thirteen people were killed and more than a

hundred injured. Some hours after this attack, the same mechanism was used in a pedestrian walkway

in Cambrils, Tarragona. Together, the Catalonia attacks left sixteen dead, without including the
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jihadist terrorists killed, and around 140 injured (Reinares & Garćıa-Calvo, 2018).

Regarding the terrorist attacks’ history in Spain, the last attacks before the Catalonia ones, were

in march 2004 in the main train station of the capital, Madrid. Terrorist attacks are unexpected

negative events affecting both individuals and society and, therefore, an exogenous source of post

traumatic stress and fear among people. Several authors have found that, in addition to the direct

consequences of terrorism, such as lost infrastructure and deaths, there are also psychological effects

(Becker & Rubinstein, 2011; Galea et al., 2002, 2003; Gidron, 2002; Schuster et al., 2001).

As other European cities had been the target of terrorist attacks before the Catalan tragedy,

one may be worried that it could have been easy to predict that additional attacks would follow.

However, the exact location, timing, and severity of the attacks were very difficult to predict by the

general population living in Spain. This unpredictable character of terrorist attacks allows us to draw

reliable conclusions supporting our empirical strategy. (see for example: Jaeger and Paserman (2008),

Camacho (2008), and Mansour and Rees (2012) for statements supporting exogeneity in terrorist

attacks.).

2.2 Terrorist attacks, Islamophobia, stress and health at birth

As mentioned above, terrorist attacks are violent events that have negative consequences both for

society and individuals. When these events are perpetrated by one specific group, the rest of the society

may change their perception towards individuals belonging to the same group as the perpetrators

(Sheridan & Gillett, 2005). In this sense, the increase in jihadist terrorist attacks executed around

the world in the last years have raised rejection levels against the Muslim community, also known as

Islamophobia. According to Union of Muslim Communities in Spain (2018), Islamophobia is defined

as an unfounded hostility to Islam and, consequently, a feeling of fear and aversion towards all Muslims

(or most of them). Islamophobia is a phenomenon that may be experienced in several dimensions,

from psychological to physical threats. It comprises expressions of prejudice, stigma, discrimination,

critiques of the Islamic religion, hate speech and hate crimes against Muslims (Tartaglia, Rollero, &

Bergagna, 2019).

Several authors have studied how, after terrorist attacks perpetrated in the western world, Islam-

ophobia has experienced a dramatic rise. For instance, regarding the 9/11 New York and Washington

attacks, Gould and Klor (2016) found that Muslim immigrants living in the affected cities experienced

more exposure to hate crimes. In turn, those groups exposed to higher hate crime rates also exhib-

ited lower English proficiency, greater chances of marrying another Muslim and lower female labor

force participation rates. Therefore, the authors conclude that the 9/11 attacks generated a reaction

against Muslims which, in turn, slowed their rate of assimilation. Swahn et al. (2003) using data from

hate related attacks against the Muslim population after the 9/11, found that most of these crimes

occurred in the 10 days immediately after the terrorist attacks. In addition, victims were mostly men

that experienced Islamophobia in public places such as supermarkets, stores and schools. Sheridan

(2006) investigated the levels of self-reported religious discrimination in British Muslims after the 9/11

attacks. She found that indirect discrimination increased by 82% and direct manifestations of Islamo-

phobia increased by 76%. With respect to attacks occurred in Europe, a more recent paper by Ivandic
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et al. (2019), using data from the Greater Manchester Police, found an increase in Islamophobic hate

crimes right after a jihadist terror attack in Europe.

Islamophobia, with its discrimination and stigma, may be a source of stress that can negatively

affect health (Samari, 2016). In fact, several studies have found a relation between Islamophobia

and increased levels of stress (Haque, Tubbs, Kahumoku-Fessler, & Brown, 2019; Samari, Alcalá, &

Sharif, 2018). This exposure to stress is particularly problematic for pregnant Muslim women who,

in addition, are more easily identified as Muslims. Intrauterine exposure to stress has been linked to

worse health outcomes at birth such as birth weight and complications. This, in turn, may be a source

of disparities in socio-economic outcomes later on in life (in adulthood).

3 Data and variable definitions

3.1 Main sources

Regarding birth records in Catalonia, we use administrative data provided by the National Insti-

tute of Statistics 6 (INE) from 2015 to 2018. In this data set the unit of observation is a live birth. We

construct our sample according to the mother‘s province of residence; that is, we consider all entries

that report that a mother’s province of residence is one of the four provinces in Catalonia.

For every unit of observation, we have information on weight (in grams), month and year of birth,

gender, whether the delivery was by C-section, complications during delivery and gestational length

(in weeks). With this information, we construct our outcomes of interest: birth weight (in grams),

an indicator of low birth weight (LBW) that takes the value of one for weight below 2,500 grams, an

indicator of pre-term delivery when the gestational length is less than 37 weeks, an indicator variable

for complications during delivery, an indicator of the sex of the newborn (1 for females and zero

otherwise), and an indicator of deliveries through a c-section. We also have information regarding the

mother of the child: her country of birth, municipality and province of residence, age, and level of

education 7. Unfortunately, the administrative records do not have any information regarding mothers’

risky behaviours, such as alcohol consumption, smoking or prenatal health care use.

To identify the trimester of pregnancy in which mothers were exposed to the attacks, and therefore,

the in-utero exposure to stress, we use gestational age (in weeks). This measure is estimated (by

healthcare professionals) as the period between the first date of the last menstrual cycle (which is also

considered the conception date) and the date of birth. In this way, the accuracy of the gestational

age is crucial for our estimates of trimester of exposure. However, we are not concerned about the

reliability of this variable, as Spain uses international guidelines to estimate the conception date 8.

Thus, we use the reported gestational age and the date of birth to calculate the estimated conception

date and, then, the trimester of gestation relative to the date of the attacks. Following Álvarez-Aranda,

Chirkova, and Romero (2020), the first trimester is calculated from the estimated conception date until

6INE, www.ine.es
7Mothers’ level of education is only available for some years. In fact, for more than 50% of the observations the value

is missing.
8In addition, in Spain all pregnant women have free access to prenatal care and to professional care during childbirth.

For the years of analysis, 99.38% of all births took place in hospitals.
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week 13; the second trimester ranges from weeks 14 to 26 of gestation; and the third trimester goes

from week 27 until birth.

To identify whether a mother was exposed to the attacks during the first, second or third trimester

of pregnancy, we construct a categorical variable with four groups. The first category includes mothers

who were exposed to the attacks during the first trimester of pregnancy, the second one consists of

mothers exposed in the second trimester, the third group includes mothers exposed during the third

trimester of gestation, and the fourth group includes mothers that were not exposed. As one may

be concerned about fertility responses, we limit the sample to births that were conceived before the

attacks in all our models.

To assess possible mechanisms, we make use of four data sets. First, we employ data from the survey

on “Attitudes toward immigration”, waves VIII, IX, and X from the “Centro de Investigaciones

Sociológicas” of Spain. We use this data in order to examine changes in the rejection against Muslims

living in affected cities after the 2017 Catalonia attacks. In these surveys, respondents (only Spaniards)

are asked about their feelings towards all immigrants as well as towards specific groups of the immigrant

population, such as Muslims. Other general questions are also asked. Wave VIII corresponds to the

year 2015, IX to 2016 and wave X to September 2017 9, which is a great fit for the time horizon of

our analysis. This survey is nationally representative and samples all 52 Spanish provinces, including

municipalities with more than 100,000 inhabitants.

Second, we use administrative data on Reported hate crimes 10 provided by the Catalan Police,

”Mossos d’Esquadra”, for years 2015 to 2017 11. We have information on the total number of hate

crimes reported in the Region of Catalonia at the municipality level and for every month for each of the

three years included (2015, 2016 and 2017). To be used as a placebo test, we also use administrative

records on falsification crimes; a type of crime that includes documents forgery, identity usurpation

and other related crimes, across Catalan police areas. As a final data source on hate crimes, we use

administrative records provided by the ”Ministerio del Interior” in which we are able to identify the

nationality of the victim. This dataset is provided at the province level and for years 2015 to 2018.

To analyze the relation between the attacks and reported stress among women living in affected

cities, we use data from the Catalan Health Survey (ESCA, in Spanish) for years 2015 to 2018 (as

mentioned above, there is no health information available in the birth records data). ESCA provides

information regarding health and health care use outcomes. It is conducted in several waves within a

year, allowing us to precisely identify the pre and post attacks period. It samples all Catalan Health

Areas (AGA) which include one or more municipalities.

3.2 Treatment and control groups

As mentioned in the introduction, our main approach compares differences across Muslim vs. non-

Muslim mothers (first difference) and mother’s municipality of residence, affected vs non-affected cities

(second difference), before and after the attacks.

9For this survey, the last year available is 2017.
10According to the ”Mossos d’Esquadra” hate crimes are define as ”criminal offenses where victims are selected based

on his or her race, national origin, ethnicity, religion, language, sexual orientation or other similar factors.”
11To date, 2017 is the last year available for external use.
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Regarding the first difference, we use the variable that identifies the mother’s country of birth

(from INE birth records) in order to construct the treatment group (Muslim mothers). We classify a

woman as born in a Muslim country when in that country: 1) there is a majority or strict majority

of Muslims (followers of the religion of Islam) or 2) the distinction between religion and the state is

not clear. Therefore, our treatment group includes only immigrant Muslim mothers, as defined by the

country in which they were born (following the definition above). Thus, when we mention ”Muslim”

mothers, we are referring to this definition. We always select mothers according to their country of

birth 12. For the control group, we consider all other immigrant women (born in a country that is not

Spain and it does not qualify for the Muslim country definition above) who had a child in the period

of analysis, excluding mothers born in Spain.

Using these definitions, we have 28,682 live births (conceived before the attacks) from immigrant

Muslim mothers, which represents 38.21% of the total live births from non-Spanish born mothers

living in Catalonia for the years 2015-2018, as shown in Table 1. In the appendix section, in table

A1 we show the list of countries from which Muslim mothers come from (in our sample) along with

the share of population that is Muslim in each of these countries. We do something similar with the

non-Muslim group and present, in figure A1, the distribution of countries in which these mothers were

born.

Table 1: Live births in Catalonia

Mother’s country of origin Freq. Percent Cum.

Not Muslim 46,388 61.79 61.79
Muslim 28,682 38.21 100.00
Total live births 75,070 100.00

Elaboration: The Authors.
Source: National Registry of live births in Spain (INE, 2018).

For the second difference, our treated cities group is constructed according to mothers’ municipality

of residence. Thus, we define as ”treated cities” those that directly received the attacks, Barcelona and

Cambrils. We also include the municipality of Ripoll in this group of treated cities, as the perpetrators

of the attacks were Muslim residents (and raised) in this particular city, which is also likely to be a

strong source of Islamophobia for Muslim residents in this municipality. The non-affected cities group

consist of all other municipalities in Catalonia that did not receive the attacks (and were not home of

the perpetrators). For example, if a mother‘s city of residence is Cambrils, this live birth is considered

as in the ”treated cities group”.

3.3 Descriptive Statistics

Table 2 shows summary statistics for the sample analyzed. We have split the sample by treated vs.

untreated cities, Muslim vs. non-Muslim mothers in the pre- and post-periods. For instance, we see

that for babies born from Muslim mothers before the attacks, mean birth weight was 3,336.69 grams;

12As the reader might wonder, with this definition we are using only first-generation Muslims, but by comparing them
with other immigrants we avoid, to a large extend, the inclusion of second-generation immigrants born in Spain in the
control group. In any case, we are unable to identify second generation Muslims in the birth records data.
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the share of low birth weight newborns was 5.60%; the share of pre-term deliveries, complications and

c-sections was 4.24%, 10.51% and 24.86%, respectively.

Table 2: Descriptive statistics. Means

Variables Muslim Non-Muslim Treated cities Non-treated cities

Before After Before After Before After Before After
Newborns outcomes
Birth weight (in grams) 3,336.69 3,329.08 3,287.02 3,297.76 3,276.09 3,283.84 3,314.53 3,318.65
LBW indicator 0.0560 0.0579 0.0677 0.0641 0.0691 0.0652 0.0615 0.0606
Female indicator 0.4790 0.4885 0.4889 0.4874 0.4862 0.4836 0.4844 0.4890

Childbirth characteristics
Share of pre-terms 0.0424 0.0391 0.0631 0.0524 0.0561 0.0522 0.0549 0.0451
Share of complications 0.1051 0.1010 0.1184 0.1106 0.1167 0.1101 0.1118 0.1063
Share of c-sections 0.2486 0.2283 0.2847 0.2809 0.2899 0.2952 0.2634 0.2482

Elaboration: The Authors.
Source: National Registry of live births in Spain (INE, 2018).

4 Empirical Strategy

As mentioned before, jihadist terrorist attacks have increased the rejection against the Muslim com-

munity. This increased rejection has been shown in the literature to be higher in affected places. In

this sense, the underlying intuition is that the attacks should primarily affect Muslim women living

in the affected cities and should have no effect on other groups of women. At this point, we must

acknowledge that one of the control groups (Muslim women living in non-affected cities) might also

be affected to a certain extent by the increase in Islamophobia. However, due to the larger distance to

the place of the attacks, the impact should be smaller than for our treated group of Muslim mothers

in affected cities.

To assess the impact of the attacks on health at birth outcomes, we rely on a difference in differ-

ences in differences (DDD) approach. We compare differences across mother’s country of origin (first

difference), and mother’s municipality of residence (second difference), before versus after the attacks.

The first difference compares Muslims vs. non-Muslims mothers (excluding Spanish-born mothers),

and the second difference compares affected vs. non-affected cities.

Our baseline specification is a DDD regression relating health at birth outcomes for newborn i,

whose mother’s municipality of residence is m, conceived in month t, year y, and whose mother’s

country of origin is c, as follows,

Yimtyc = α+ β1TreatedCitym + β2Postty + β3Muslimc + β4TreatedCitym ∗ Postty

+ β5TreatedCitym ∗Muslimc + β6Muslimc ∗ Postty

+ θTreatedCitym ∗ Postty ∗Muslimc + δm + ρt + γy + τc + εimtyc

(1)

Where Yimtyc represents a birth outcome for a live birth conceived prior to the attacks. As outcomes

we use: birth weight (in grams), low birth weight, prematurity, complications (during labor), c-section,
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and following Brown (2012), we use whether the newborn is a female since intrauterine exposure to

stress may reduce male births (Catalano, Bruckner, Marks, & Eskenazi, 2006).

TreatedCitym takes the value of one when mother’s municipality of residence is Barcelona, Cam-

brils or Ripoll, Postty is an indicator of the occurrence of the attacks (1 if child was born after the

august 2017 attacks and conceived up to right before the attacks), and Muslimc is a dummy variable

taking the value of 1 for mothers born in a Muslim country and zero for mothers born in a different

country (except Spain). Thus, the treatment group includes all mothers whose country of origin is

a Muslim one and are residents of one of the treated cities. The coefficient of interest is θ, which

captures the effect of the terrorist attacks on newborns from Muslim mothers living in the treated

cities. We include month ρt, year γy of conception fixed effects, to account for potential common time

shocks affecting the outcomes, mother’s country of birth τc fixed effects, and mother’s municipality

of residence δm fixed effects, by doing this, we use variation at the local level, rather than province

level, as not everyone is equally affected within a province. We cluster standard errors at the mother’s

municipality of residence, since this is the level at which the effect takes place, accounting for any

unobserved common group effects (Cameron, Gelbach, & Miller, 2008; Wooldridge, 2006).

For the estimates in which we distinguish the trimester of pregnancy at the time of the attacks, we

run the same specification as in equation (1), but classify the exposure to the attacks (event) according

to the trimester of gestation in which the woman was. Thus, in this case we have three coefficients of

interest, θ1, θ2, and θ3 that represent the effect (on birth outcomes) of being exposed to the attacks

during the first, second or third trimester of pregnancy respectively, for Muslim mothers living in

treated cities.

The difference in difference estimator provides an unbiased estimate of the treatment if, in the

absence of the treatment, the outcomes in the two groups (control and treatment) would have fol-

lowed parallel trends, before and after the attacks. Our identification strategy is based on several

pillars. First, the source of stress coming from the attacks is completely exogenous. Although, the

threat of attacks was, in general, expected across western countries, the exact location, timing, and

severity of a terrorist attack would have been impossible to predict by the general population living

in Spain. Second, even though Muslim and non-Muslim mothers might differ in terms of observable

characteristics, we do not expect these differences to change as a result of the attacks. In addition,

we are comparing across immigrant population (excluding natives). Third, the DDD model allows

us to control for two kinds of potentially confounding trends: changes affecting health at birth out-

comes of Muslim newborns, unrelated to the attacks, and changes affecting health at birth outcomes

of all Muslim and non-Muslim babies living in the treated cities. Fourth, to support our econometric

strategy we perform several robustness checks. For example, we allow pregnant women whose city

of residence is not affected to also be exposed to the attacks by using linear distance to the closest

affected municipality; we re-estimate equation (1) excluding Barcelona, Ripoll, and Cambrils cities

(one at a time), to test whether our results are mostly driven by one city. Finally, we perform a

placebo test using a fake treatment group.

It has been established in the literature that women may change their behaviour when faced

to potential threats to their integrity. However, as we mentioned before, the timing of any attack
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is unpredictable and, therefore, the possibility that women change their place of residence is very

unlikely in our analysis (in addition, our post-event period includes only 1 year). In any case, to

ensure the reliability of our model, it is important to analyze if there have been major changes to

Muslim immigration after the attacks. In other words, we test whether Muslim women leave or

emigrate, which could lead to selective selection in our sample. We present several evidence to proof

that this is not the case; first, we do not see an (absolute) increase in the number of Muslim women

leaving the country (emigration). Second, we do not see that net emigration slowed down during the

period of analysis (2015 to 2018). In the appendix section, in table A2, we provide data on emigration

and net immigration of Muslim13 women obtained from the National Institute of Statistics in Spain.

One might also be concerned that other channels rather (or in addition to) than stress may be the main

driving forces. However, in Spain’s context universal health coverage is guaranteed to all pregnant

women, regardless of immigration status. For example, in our sample 99.38% of births took place in

hospitals. In addition, the Catalonia attacks did not affect the provision of health services at any level

of care. Therefore, it seems plausible that the main driving force in our context is the stress affecting

Muslim mothers.

5 Effects on health at birth

5.1 Baseline results

Table 3 shows the estimates of equation (1). We report results for a battery of health at birth

outcomes: birth weight, share of low birth weight newborns, share of pre-term childbirths, whether

there were complications during labor, share of female babies, and share of c-sections. All regressions

include mother’s municipality of residence fixed effects, month and year of conception fixed effects, and

mother’s country of origin fixed effects 14. Standard errors are clustered at the mother’s municipality

of residence level.

Starting with newborns’ health outcomes, we get the expected direction in all the coefficients. We

see a decrease in birth weight of 12.89 grams (though not significant), and a significant (at a 1% level)

increase in the share of low birth weight babies by 1.60 percentage points for our group of interest.

Related to the average birth weight for immigrant Muslim mothers (living in the affected cities) before

the attacks, which was 3,282.19 grams, the effect is translated into a decrease of 0.39% and an increase

of 23.77% in the share of low birth weight newborns.

With regards to childbirth characteristics, we get a positive coefficient for the share of pre-term

newborns, though not significant. For the complications during labor, we find a significant increase

of 1.47 percentage points which, compared to the pre-attacks mean, is translated into an increase of

13.58% in the share of complications for immigrant Muslim mothers living in affected cities. We also

see a positive significant result for the share of female newborns (however, as we will show in the

robustness check section - event study, we do not interpret the result of this outcome as causal due

13In here, a women is considered Muslim using the same definition of our baseline equation (equation (1))
14Regarding mothers’ country of origin FE, given the sample size, one may be concerned about the number of ob-

servations per country across treatment and control cities and over time, which is important in order to understand
which mothers are contributing to identification. In order to show that our results are robust to this potential issue, we
re-estimate equation (1) excluding these FE’s. Results are very similar and are available upon request.
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Table 3: Baseline Estimates Birth Outcomes

(1) (2) (3) (4) (5) (6)

Birth Weight LBW Prematurity Complications Female C-Section

DDD City*Muslim*Post -12.8937 0.0160*** 0.0058 0.0147** 0.0233* 0.0122
(13.2413) (0.0059) (0.0046) (0.0073) (0.0118) (0.0092)

Interaction City*Post -2.9874 -0.0036 0.0085** -0.0020 -0.0106 0.0155**
(6.6793) (0.0047) (0.0034) (0.0057) (0.0068) (0.0060)

Interaction City*Muslim 4.2772 0.0007 -0.0010 0.0075 -0.0145** -0.0074
(14.3387) (0.0041) (0.0034) (0.0046) (0.0057) (0.0062)

Interaction Muslim*Post -15.8251 0.0018 0.0077* 0.0012 0.0052 -0.0155*
(10.6027) (0.0056) (0.0042) (0.0069) (0.0103) (0.0090)

Mean dependent variable 3,282.19 0.0673 0.0427 0.1129 0.4705 0.2736
% Effect -0.39% 23.77% 13.58% 13.02% 4.95% 4.46%

Municipality of residence FE x x x x x x
Month, year of conception FE x x x x x x
Mother’s country origin FE x x x x x x
Observations 65,519 65,519 75,070 75,070 75,070 75,070

Notes: OLS estimates of equation (1). Outcomes for the live births from mothers whose region of residence is Catalonia (includes
the provinces of Girone, Barcelona, Lleida and Tarragona). Standard errors are clustered at the mother’s municipality of residence
level, 121 clusters. The row ”mean dependent variable” shows the mean for the treated group before the Catalonia attacks (August
2017).
***p<0.001, **p<0.05, *p<0.10, respectively

to the existence of a pre-trend) . For instance, there is a 4.95% increase (with respect to the pre-

attacks mean) in the share of female babies from (immigrant) Muslim mothers living in affected cities.

Regarding c-sections, we do not find any significant result, even though the coefficient of interest has

the expected (positive) sign.

Overall, results in table 3 reveal that intrauterine exposure to stress faced by immigrant Muslim

mothers living in the cities affected by the 2017 Catalonia terrorist attacks has detrimental effects on

newborns’ health. Something that is worth mentioning is that an attack such as the one analyzed here,

might affect stress levels of all mothers in the region. This means that the control group (non-Muslim

mothers) may not be totally unaffected by the event studied here. In any case, the negative effect we

find is a lower bound. In addition, our results are supported by the medical literature that shows that

increased levels of stress in pregnant women may lead to an unbalance in hormones that affect fetal

grow and increases the probability of complications during labor, as well as birth weight. (De Weerth

& Buitelaar, 2005).

These findings are in line with other estimates available in the literature measuring the effects

of terrorism on birth outcomes, that find negative effects on birth weight and an increased share of

complications during delivery (Camacho, 2008; Mansour & Rees, 2012; Quintana-Domeque & Ródenas-

Serrano, 2017). We find similar results in terms of magnitude, significance and direction of the

estimated effects.

5.2 Trimester of pregnancy

Following the literature on terrorism and health at birth as well as the medical literature, we distinguish

the trimester of gestation and exposure to stress. In table 4 we show the estimates for the six different
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health at birth outcomes according to the trimester of exposure to stress.

Table 4: Birth Outcomes and trimester of pregnancy

(1) (2) (3) (4) (5) (6)

Birth Weight LBW Prematurity Complications Female C-Section

DDD City*Muslim*Trim1 -10.7676 0.0227*** 0.0233*** -0.0026 0.0293** 0.0234**
(19.6477) (0.0070) (0.0045) (0.0104) (0.0146) (0.0108)

DDD City*Muslim*Trim2 -27.8500 0.0181* 0.0013 0.0204** 0.0345** -0.0184*
(17.3327) (0.0093) (0.0087) (0.0098) (0.0150) (0.0101)

DDD City*Muslim*Trim3 -3.2481 0.0074 -0.0075 0.0268*** 0.0089 0.0252**
(13.2372) (0.0060) (0.0047) (0.0085) (0.0104) (0.0104)

Interaction City*Event -3.4581 -0.0034 0.0087** -0.0020 -0.0108 0.0155**
(6.7104) (0.0048) (0.0034) (0.0057) (0.0068) (0.0059)

Interaction City*Muslim 4.6706 0.0006 -0.0011 0.0075 -0.0144** -0.0074
(14.3009) (0.0041) (0.0034) (0.0046) (0.0057) (0.0062)

Interaction Muslim*Event -15.8182 0.0019 0.0077* 0.0012 0.0052 -0.0155*
(10.6170) (0.0056) (0.0042) (0.0069) (0.0103) (0.0090)

Treated City -54.7534*** 0.0296*** -0.0062*** -0.0635*** -0.0254*** -0.0673***
(7.3064) (0.0022) (0.0019) (0.0027) (0.0035) (0.0041)

Muslim -50.8355 -0.0015 0.0456** -0.0562 0.1225* -0.0619
(60.3267) (0.0464) (0.0183) (0.0403) (0.0685) (0.0890)

Municipality of residence FE x x x x x x
Month, year of conception FE x x x x x x
Mother’s country origin FE x x x x x x

F-test
Ho: θtrim1= θtrim2= θtrim3 1.34 4.97*** 58.50*** 3.52** 2.99* 16.03***
p-value 0.2688 0.0084 0.0000 0.0328 0.0543 0.0000

Observations 65,519 65,519 75,070 75,070 75,070 75,070

Notes: OLS estimates considering the trimester of gestation. Outcomes for the live births from mothers whose region of residence
is Catalonia (includes the provinces of Girone, Barcelona, Lleida and Tarragona). Standard errors are clustered at the mother’s
municipality of residence level, 121 clusters.
***p<0.001, **p<0.05, *p<0.10, respectively.

From table 4, we see that intrauterine exposure to stress across the three trimesters of gestation

has detrimental effects on health at birth for newborns from (immigrant) Muslim mothers living in

affected cities. In terms of statistical significance, from the F-statistics tests of equality of coefficients,

we find that there is no evidence that the coefficients are the same across trimesters of pregnancy for

all the outcomes, except for birth weight.

Regarding exposure during the first trimester, we find an increase in the share of low birth weight

babies by 2.27 percentage points, an augmented share of pre-term newborns (2.33 percentage points),

a higher share of female newborns, and an increased share of deliveries through c-sections (2.93, and

2.34 percentage points, respectively). For the second trimester of gestation, we also find detrimental

effects on low birth weight, an increase in the share of complications as well as in the female ratio

by 2.04 and 3.455 percentage points, respectively. With respect to newborns’ sex early in pregnancy,

it has been shown that exposure to stress while in utero may be more dangerous for male fetuses.

Thus, Sanders and Stoecker (2015) find that males are more vulnerable to side effects of maternal

stress in utero, and Catalano et al. (2006) show evidence supporting male fetal loss as a consequence

of exposure to stress. The conclusions of this papers are also in line with the medical literature that

suggests that the probability of having a miscarriage is much higher early in the pregnancy. Finally,
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in the last trimester of pregnancy, we also find an increased share of complications during delivery

and a higher share of c-sections by 2.68 and 2.52 percentage points, respectively.

Our results are consistent with others in the literature that find that exposure to terrorism (par-

ticularly early in the pregnancy stage) is linked to negative health at birth outcomes (Camacho,

2008; Mansour & Rees, 2012; Quintana-Domeque & Ródenas-Serrano, 2017). However, we also find

detrimental effects on the second and third trimester. This is in line with a number of studies that

highlight that there is no consensus on whether we should expect prenatal exposure to stress to have

a differential effects across trimesters (Mansour & Rees, 2012; Persson & Rossin-Slater, 2018).

6 Robustness checks of baseline results

This section includes several robustness checks for our main results from equation (1). First, we

conduct an event study design to support the hypothesis of no differential pre-trends. Second, we

examine whether our results hold when we allow pregnant women whose cities of residence are not

affected to be also exposed to increased Islamophobia. Third, we explore whether our results are

driven by one of the three cities. Finally, we perform a placebo test, in which we change the treatment

group (Muslim mothers).

6.1 Event Study Estimates

To evaluate possible differential pre-trends between the treatment and control groups, we conduct

an event study version of equation (1) for all the outcomes. For this, we generate three pre-attacks

and two post-attacks periods (as dummy variables), both on an annual basis 15. We set the period

before the attacks (t=-1) as the omitted category. In this specification, we also include month, year

of conception fixed effects, municipality of residence fixed effects and mother’s country of birth fixed

effects. Figure 1 depicts the set of pre/post-attacks coefficients of the triple interaction (DDD) for the

six health at birth outcomes, along with their 95 percent confidence intervals.

Overall, the set of pre-attack coefficients of the triple interaction are statistically indistinguishable

from zero, with the exception of the very last period in the case of the share of female newborns.

Regarding birth weight, the indicator of low birth weight, prematurity, complications during labor

and c-sections, we do not find any significant coefficient for the triple interaction term in the pre-

attack periods. In addition, we see that after the attacks there is an increase in detrimental health

at birth outcomes, as indicated by the positive and statistically significant coefficients for the share of

low birth weight newborns, prematurity, and the complications during labor indicator, which is in line

with our baseline results. Regarding the results of the share of female newborns, due to the existence

of one significant pre-attack coefficient, we do not interpret the results of this outcome as a causal

impact of the attacks.

15As births may be seasonal, and we want to exploit all the time horizon we have available, we have constructed the
pre/post-attacks periods using ”year base” categories. Thus, we have three (annual) pre-attack time periods and two
post-attack periods.
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Figure 1: Event study graphs of baseline estimates
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Notes: Figure shows the set of coefficients corresponding to the triple interaction term from the event study versions
of equation (1). Points estimates are shown along with their 95 percent confidence intervals. Reference category is one
period prior to the attacks.
Standard errors are clustered at the mothers’ municipality of residence level, 121 clusters.
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6.2 Allowing other cities to be exposed

Our baseline specification establishes that only immigrant Muslim women living in affected cities

are exposed to increased Islamophobia after the attacks and, consequently, to this source of stress.

Nevertheless, it may be the case that Muslim women living in neighboring cities may also experience

increased rejection and therefore this may also affect their newborn’s health. To test whether this

channel is affecting our results, we allow mothers whose municipality of residence is not one of the

affected to also be exposed to stress coming from increased Islamophobia after a jihadist attack.

To do so, we re-estimate equation (1) replacing the dummy ”Treated City” with a measure of

distance to the treated cities. From here, we generate their pairwise interactions as well as the triple

interaction. We use linear distances calculated using the latitudes and longitudes of every municipality

in Catalonia. To every live birth, we assign the minimum distance between the mother’s municipality

of residence to Barcelona, Cambrils or Ripoll. In other words, we compute linear distances from

mother’s municipality to Cambrils, to Barcelona and to Ripoll and among these three, we choose the

shortest distance. To model the distance, we follow Quintana-Domeque and Ródenas-Serrano (2017)

and use a negative exponential form supporting the assumption that Muslim women will be more

affected the closest they are to the places of attacks.

The results using this measure of distance are shown in table A3 of the Appendix section. We can

see that, overall, we obtain consistent results in terms of the direction of the estimated coefficients.

For instance, we find significant detrimental effects in terms of birth weight, low birth weight, and

the share of female newborns. It is important to notice that we are using a continuous measure of

exposure for the affected cities rather than a binary measure, so that we are losing precision in some of

our coefficients and the results are less significant. In any case, they point towards similar conclusions,

in most of the cases, than our baseline findings.

6.3 Excluding cities from treated group

In this subsection we explore whether our results hold when we exclude from the sample the city of

Barcelona, Ripoll, and Cambrils, one at a time. We re-estimate equation (1) excluding, first, live

births from Barcelona, then from Ripoll, and finally from Cambrils.

For the case of Barcelona, we might be worried that this city may be driving our results as it might

have been more exposed to Islamophobia by the media, and also because it is the most populated

city in Catalonia (specially if we compare it with Cambrils and Ripoll). To test this, we exclude all

live birth from women living in Barcelona during the period of analysis. To support our empirical

strategy, we should find statistically significant detrimental effects on health at birth outcomes. In

table A4 of the appendix section, we report the results of the above specification. In general, we

obtain negative effects on health outcomes. For instance, we see a large decrease in birth weight for

Muslim women living in Cambrils and Ripoll after the attacks. We also find an increase in the share

of c-sections by 6.05 percentage points. For the complications during labor indicator, low birth weight

and prematurity, even if the coefficient is not significant, it has the expected sign. Overall, we see that

the negative effects are not washed out when we exclude all live birth from women living in Barcelona

despite the fact that we are eliminating a large number of observations in the treated group.
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Second, we test the robustness of our findings by excluding Ripoll from the treated cities group.

Ripoll is considered an affected municipality because the perpetrators of the attacks were all raised

there. However, their treatment nature may not be the same as the other cities. Table A5 in the

appendix shows the results of this exercise. We find the expected signs in all the coefficients of

interest: we document an increase in the share of low birth weight babies by 1.49 percentage points

and an increase in the share of complications and the female ratio by 1.34 and 2.13 percentage points,

respectively.

Finally, as an additional robustness check, we do the same exercise excluding live birth from

Cambrils. Results of these estimates are shown in table A6. From here, we see that we get the expected

signs for the coefficient of interest across all outcomes. In addition, we find detrimental statistically

significant differences in the share of low birth weight newborns (1.63 percentage points), deliveries

with complications (1.66 percentage points) and in the share of female newborns (2.80 percentage

points). Therefore, we show that after excluding the observations from the city of Cambrils, the

baseline effects are maintained.

6.4 Placebo

We conduct a placebo test to indirectly assess the common time trend assumption. We estimate

equation (1) using an alternative treatment group. We assign as placebo treatment units mothers

born in Latin American countries and drop from the analysis those observations corresponding to

Muslim mothers. The control group remains the same; live births from other immigrant mothers

(excluding Spanish mothers). Because we expect that the increased stress due to Islamophobia affects

mainly Muslim mothers living in the treated cities, we should not find an effect on Latin American

pregnant women living in the same cities. Otherwise our identification strategy would be challenged.

Thus, we re-estimate equation (1) using the group of Latin American immigrant women that had

a live birth (conceived before the attacks) in Catalonia during the period of analysis as the treated

group. Results of this exercise are shown in table 5.

Overall we find that none of the health at birth outcomes are statistically significant, except for

c-sections (although it is negative: thus, it has the opposite sign compared to the baseline results). In

addition, the DDD coefficients for all the outcomes (except the share of female) are in the opposite

direction compared to the baseline results. Regarding the share of female, even if we find a positive

coefficient, it is not statistically significant and much smaller than our baseline estimates. Thus, we

conclude that there is no evidence of differential effects of the attacks on Latin American mothers

living in affected cities, which supports our empirical strategy.

Altogether, we believe our identification strategy is robust to the several robustness tests that we

have estimated. Our results hold when we allow mothers living close to affected cities to be exposed

to the attacks-related stress; when excluding Barcelona, Ripoll, and Cambrils (one at a time) from the

treated cities group. Our results are also robust to a placebo test, in which we replace the treatment

group by one that should not be affected. Finally, the event study estimates add validity to our

econometric strategy.
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Table 5: Robustness Check - Placebo test

(1) (2) (3) (4) (5) (6)

Birth Weight LBW Prematurity Complications Female (C-Section)

DDD City*Latin*Post 10.0650 -0.0111 -0.0024 -0.0050 0.0088 -0.0237*
(16.6348) (0.0092) (0.0074) (0.0091) (0.0147) (0.0125)

Interaction City*Post -9.3292 0.0028 0.0102* 0.0007 -0.0157 0.0289***
(11.4172) (0.0069) (0.0057) (0.0058) (0.0120) (0.0080)

Interaction City*Latin -13.2252 0.0194*** 0.0112*** 0.0009 -0.0181** -0.0004
(8.7302) (0.0038) (0.0035) (0.0056) (0.0070) (0.0070)

Interaction Latin*Post -16.8169 0.0076 0.0111 0.0010 0.0043 0.0042
(15.7449) (0.0086) (0.0069) (0.0091) (0.0144) (0.0125)

Municipality of residence FE x x x x x x
Month, year of conception FE x x x x x x
Mother’s country origin FE x x x x x x
Observations 42,031 42,031 46,388 46,388 46,388 46,388

Notes: OLS estimates of equation (1). In the placebo estimation the treatment group is made up with mothers born in Latin
American countries. Controls are mothers born in other foreign countries. Standard errors are clustered at the mother’s munici-
pality of residence level, 121 clusters.
***p<0.001, **p<0.05, *p<0.10, respectively

7 Assessing Mechanisms

Our main hypothesis is that Muslim women may be facing an increase in Islamophobia due to the

terrorist attacks perpetrated by jihadist groups, and this effect may be particularly salient in the

cities where the attacks occur. We test this hypothesis using three alternatives. First, by examining

whether there is an increase in the rejection against Muslims; second, we explore whether (reported)

hate crimes increased as a consequence of the attacks. Finally, we assess the relation between the

attacks and maternal stress, and whether stress may induce behavioral responses.

7.1 Rejection against Muslims

For the Islamophobia analysis, we use data from the Survey ”Attitudes towards immigration” con-

ducted by the Centro de Investigaciones Sociológicas of Spain for the years 2015, 2016 and 2017. The

three waves of the survey are nationally representative and sample individuals aged 18 years and older

that hold the Spanish nationality. It provides information on the perception of the Spanish popula-

tion on immigration. The advantage of using this survey for our analysis is that the 2017 wave was

conducted during the month of September, just one month after the attacks.

First, we assess whether there is an increase in rejection against the Muslim population. We

use a question that asks Spaniards whether there is a specific group of immigrants for which they feel

antipathy. The respondents can mention any group without being limited to pre-established categories.

Using the responses to this question, we construct our first outcome variable, a dummy ”Muslim”

taking the value of 1 when respondents mention any group that refers to the Muslim population, 16

and zero otherwise. Second, we assess whether negative feelings about immigration have increased

after the attacks in affected relative to non-affected areas. We rely on a question that asks Spanish

whether they consider immigration to be a positive or a negative issue for Spain. Using the responses

16For example: Moroccan, Muslims, Islamists, ”moro”.
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to this question, we construct a dummy variable that is one when respondents declare immigration as

”negative” for the country, and zero otherwise. Third, we explore any changes in hate speech 17 as a

consequence of the attacks. We use information from a question asking Spaniards whether, in the last

weeks, they have seen or heard any offensive comments against immigrants.

As can be noted, just the first outcome allows us to directly identify rejection against the Muslim

community due to restrictions in data availability as well as the contents of the questions asked in the

survey. The other two outcomes are targeted to all immigrants, and we use them as an indirect measure

of increased rejection against the Muslim community (as they are also included in the immigrant

group).

To assess whether the level of rejection increased in the affected cities after the attacks, we need

to look at the municipality level. However, in this particular dataset the lowest geographical level

available is the province and, thus, we construct a dummy variable taking the value of one for the

provinces to which the affected municipalities belong (Girona, Tarragona and Barcelona), and zero

otherwise. Thus, for this subsection, the treated group is made up of the provinces that include the

cities affected by the attacks.

To formally explore our hypothesis, we use a difference-in-differences approach to test whether

there is an increase in the rejection against immigrants and Muslims in the affected provinces after

the attacks in Catalonia (relative to non affected provinces). To do so, we estimate the following

equation,

Yipt = α+ β1Provincep + β2Postt + β3Provincep ∗ Postt

+ δp + γt + εipt
(2)

Where Yipt represents the ”rejection against immigrant” outcome of individual i in province p in

year t. Provincep is the variable for the control - treatment group, and takes the value of one for

the affected provinces, and zero otherwise. Postt is a dummy variable taking the value of one for the

post attacks period, 2017, and zero otherwise. The coefficient of interest is β3, which captures the

effect of the terrorist attacks on the outcomes of interest. We include time fixed effects γt to account

for potential common time shocks affecting the outcomes. We also include province fixed effects δp

to account for any time invariant shock across provinces. We cluster standard errors at the level of

treatment (province). Probability weights are included to take into consideration the survey design.

Before moving on to the regression results, we first plot the raw trends of the three outcomes in

figure A2 of the appendix section. Panels (a), (b) and (c) show that, after the attacks, there is an

increase in the Islamophobia-related outcome in the treated locations. In addition, trends between

affected and non-affected provinces look parallel before the attacks. With respect to regression results,

table 6 presents the estimates of equation (2). Column (1) shows an increase in the share of nationals

feeling antipathy towards Muslims in the provinces of Barcelona, Tarragona and Girona (relative

to other Spanish provinces) by 5.46 percentage points after the Catalonia 2017 attacks. This effect

17Hate speech comprises any abusive or threatening speech or writing that expresses prejudice against a particular
group, especially on the basis of race, religion, or sexual orientation (Definition taken from the Oxford Dictionary).

20



represents an increase of 22.84% with respect to the pre-attacks mean. This result supports the

statement that, after a terrorist attack perpetrated by a jihadist group, the affected places experience

an increase in the rejection against the Muslim community.

From column (2), we infer that the attacks increased the share of Spaniards having a negative

feeling about immigrants by 5.60 percentage points in affected provinces relative to the non-affected

ones. This represents an increase of 14.20% with respect to the average pre-attacks share of respondents

having a negative feeling about immigration (which was 39.43%). Column (3) shows that, regarding

hate speech, the difference between affected provinces and the rest has increased by 5.24 percentage

points after the attacks. This represents a positive variation of 10.66% with respect to the pre-attacks

mean in the treated group (provinces).

Table 6: Effects of Catalonia 2017 Attacks on Perception towards Immigration

(1) (2) (3)

Rejection Muslim Neg feeling Hate Speech

DD Province*Post 0.0546** 0.0560** 0.0524**
(0.0261) (0.0209) (0.0258)

Treated Provinces -0.0819*** 0.1029*** 0.0944***
(0.0084) (0.0092) (0.0143)

Post (September 2017) -0.0060 -0.0754*** -0.1911***
(0.0131) (0.0218) (0.0343)

Mean dependent variable 0.2391 0.3943 0.4917
% Effect 22.84% 14.20% 10.66%

Province FE x x x
Year FE x x x
Observations 6,959 5,588 7,334

Notes: OLS estimates of equation (2). Column (1) shows the result for the share
of rejection against Muslim. Column (2) shows results for negative feeling towards
immigration and Column (3) the share of hate speech against immigrants. Standard
errors are clustered at the province level, 50 clusters.
***p<0.001, **p<0.05, *p<0.10, respectively.

As shown above, we have presented evidence supporting an increase in Islamophobia after the

terrorist attacks, which is in line with our expectations of the channels affecting Muslim pregnant

women. These results are consistent with other papers examining how hate crimes (against Muslims)

increase after a terrorist attack perpetrated by a jihadist group, as described in section 2. Moreover,

the general negative feeling about immigration also increases in treated provinces (compared to the

control group), as well as hate speech against immigrants.

To support the robustness of the results of this subsection, we conduct a placebo test and perform

an event study design. For the placebo test, we focus on the outcome of rejection against Muslims,

as it is the only direct measure of Islamophobia available. We define a placebo outcome using the

same question of the survey as in column (1) of Table 6. This new outcome measures the rejection

of Spaniards against immigrants coming from Latin American countries. To do this, we construct a

dummy variable taking the value of one when respondents declare that they feel antipathy against

an immigrant born in a Latin American country (and zero otherwise), and re-estimate equation (2).

Results of this estimates are shown in table 7. The intuition behind using a placebo outcome is to
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test an outcome that, theoretically, should not be affected by the attacks (treatment) (Yamamoto,

2016). In this case, we expect that Latin American immigrants should not be affected by the attacks

in terms of increased rejection against them. From table 7, we see that the difference-in-differences

coefficient is not significant and goes in the opposite direction, which supports our hypothesis and

provides reliability on the robustness of the identification strategy. In addition, in figure A3 of the

appendix section, we provide the raw trends of this placebo outcome. As it can be seen, prior to the

attacks, rejection against Latin American immigrants was higher in non-affected provinces and, after

the attacks, the raw trend does not show an increase in affected provinces.

Table 7: Placebo outcome

Rejection Latin American

DD Province*Post -0.0033
(0.0066)

Treated Provinces 0.0266***
(0.0024)

Post (September 2017) 0.0156***
(0.0051)

Province FE x
Year FE x
Observations 6,959

Notes: The outcome variable is made up by the rejec-
tion against immigrants coming from Latin American coun-
tries. Robust standard errors in parentheses clustered at
the province level (50 clusters).
***p<0.001, **p<0.05, *p<0.10, respectively.

For the event study design, we use pre-attacks years to provide evidence in support of the parallel

trends assumption. Due to data availability, we only have 3 time periods to conduct the analysis.

With this in mind, we replace the variable Postt by years dummies and take as the omitted category

the period before the attacks (t=-1). From table 8, we find no evidence of differential pre-trends in

any of the outcomes, which adds validity to the results in this subsection.

Table 8: Event study design for Rejection against Immigrants

(1) (2) (3)

Rejection Muslim Neg feeling Hate Speech

Treated Province, t-2 0.0411 0.0354 -0.0055
(0.0293) (0.0243) (0.0465)

Treated Province, event 0.0751* 0.0736** 0.0496*
(0.0385) (0.0221) (0.0289)

Province FE x x x
Year FE x x x
Observations 6,959 5,588 7,334

Notes: Event study design for the Rejection against immigrants outcomes. The
omitted category is one year before the attacks (t=-1). Standard errors are clustered
at the province level, 50 clusters.
***p<0.001, **p<0.05, *p<0.10, respectively.
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7.2 Hate Crimes

As mentioned throughout the paper, Islamophobia can be experienced in several ways. One of the

elements that can capture Islamophobia is reported hate crimes. To assess whether hate crimes

have increased as a consequence of jihadist terrorist attacks in affected cities we use two sources of

administrative data. First, we rely on data from the Catalan Police on reported hate crimes for

the years 2015, 2016 and 2017. The data is aggregated at the month-year level for municipalities in

Catalonia. It includes reported hate crimes regardless of their origin, this means that they can be

due to Islamophobia, sexual orientation, ethnicity rejection, and others. Despite the fact that we are

not able to isolate Islamophobia-related hate crimes, we can still use the data to estimate an indirect

measure of those types of hate crimes. In addition, we can look at the most local level, municipality,

which fits very well with our econometric identification.

We formally test whether the number of hate crimes increased after the attacks in affected relative

to non-affected cities by estimating a difference-in-differences (DD) model that compares treated cities

(Barcelona, Cambrils and Ripoll) to non-affected cities in Catalonia before and after the attacks. To

do this, we estimate the following equation,

Yimt = α+ β1TreatedCityi + β2Postmt + β3TreatedCityi ∗ Postmt

+ δi + γm + ρtεimt

(3)

Where Yimt is the natural logarithm of the total number of reported hate crimes in municipality i,

in month m in year t. TreatedCityi is the dummy for the control-treatment group taking the value of

one for affected municipalities, and zero otherwise; Postmt is an indicator taking the value of one for

the post attacks period, and zero otherwise. β3 is our coefficient of interest and captures the effects

of the attacks on local hate crimes. We also include municipality fixed effects δi, month γm and year

ρt fixed effects. We cluster standard errors at the municipality level.

Table 9, panel (A) presents the estimates of equation (3). We find a significant increase of (ap-

proximately) 26.19% in local hate crimes in affected cities after the attacks compared to non-affected

cities, which supports our hypothesis of increased Islamophobia after a jihadist attack. To test the

robustness of these results, we perform two placebo tests and an event study model of equation (3).

For the placebos, first, we define a different treated group where the ”fake” affected cities are Lleida,

Girona, Tarragona and Badalona. Second, we estimate a placebo outcome to show that our results

are not driven by a general rise in crimes.

Regarding the first placebo, we choose the above mentioned municipalities as, in the case of the

first three, they are the capital of the provinces and, therefore, the most representative. In the case

of Badalona, we select it because it is geographically close to Barcelona and it is also a big city.

With this variable definition, we re-estimate equation (3) excluding the observations from the ”real”

treated group, and get the results shown in table 9, panel (B). The estimates of the placebo treated

group show a non-statistically significant result for the interaction term. This result supports our

empirical strategy as we don’t expect to find significant differences between (placebo) units and the

control group after the attacks. With the second placebo, we test whether the increase in reported
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hate crimes can be explained by a general increase in crimes across municipalities in Catalonia. For

this, we use falsification crimes as a placebo outcome 18. The underlying intuition is that we should

not expect a positive significant result in the DD coefficient. To formally test this, we re-estimate

equation (3) where the outcome is the natural logarithm of the total number of reported falsification

crimes in the police area i, in month m in year t. Results are shown in table 9, panel (C). We find

a non-significant reduction in this type of crimes. This estimate supports our hypothesis of increased

hate crimes as a plausible consequence of Islamophobia, rather than a general increase in crimes in

affected cities after the attacks. With respect to the event study specification, we find one significant

coefficient in the very last pre-attacks periods, as shown in the appendix in table A7. However, we

must keep in mind that this outcome includes all types of hate crimes.

Table 9: Hate Crimes and Placebo Tests

(A) (B) (C)

Actual treated group Placebo treated group Placebo outcome

DD Treated City*Post 0.2619* 0.1926 -0.1241
(0.1478) (0.2245) (0.1040)

Treated City 0.1814*** 0.7112*** 0.5043***
(0.0205) (0.0312) (0.0140)

Post attacks 0.1690*** 0.1693*** -0.0517
(0.0350) (0.0348) (0.0696)

Municipality FE x x x
Month FE x x x
Year FE x x x

Observations 7,308 7,236 4,060
Number of clusters 203 200 60

Notes: Panel (A) presents the estimates of equation (3) where the outcome variable is the natural logarithm
of the total number of reported hate crimes in the Catalonia Region using the actual treated units. Panel
(B) shows estimates of the natural logarithm of the total number of reported hate crimes using the placebo
treated group. Robust standard errors in parentheses clustered at the municipality level. The number of
clusters is indicated on the last row of the table.
Panel (C) shows results of equation (3) where the outcome is the natural logarithm of falsification crimes
reported in Catalonia. In this estimates, standard errors are clustered at the ”Área básica policial” level due
to the structure of the data.
***p<0.001, **p<0.05, *p<0.10, respectively.

As a second exercise to see whether hate crimes have changed after the attacks, we use administra-

tive records provided by the “Ministerio del Interior”, which is the institution in charge of compiling

all criminal records in the country. This administrative data set includes all reported hate crimes in

Spain between 2015 and 2018. These records have the advantage that the nationality of the victim is

reported. Thus, we are able to identify hate crimes against individuals that have a Muslim nationality.

We define a victim as Muslim in the same way than in our baseline specification. In this data set

the unit of observation is the hate crime for which we have information on the province, time, and

nationality of the victim. Despite the data is at the province level instead of at the municipality level,

we believe that this exercise adds important evidence on the increase in hate crimes against Muslims

after the attacks.

18As mentioned in previous sections, falsification crimes include documents forgery, identity usurpation and other
related crimes
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We have designed two econometric strategies to see whether hate crimes change after the attacks,

(i) a difference in differences estimator in which we compare hate crime rates against Muslim in affected

provinces vs. non-affected, before and after the attacks, and (ii) a triple difference in differences setting

that estimates hate crime rates comparing Muslim victims vs. other immigrant victims (excluding

Spanish individuals), in affected provinces vs. non-affected provinces, before vs. after the attacks.

Formally, we estimate two separate regressions of the form:

Ypnt = α+ β1TreatedProvp + β2Postt + β3TreatedProvp ∗ Postt

+ δp + γn + ρtεpnt
(4)

Ypnt = α+ β1TreatedProvp + β2Postt + β3Muslimn + β4TreatedProvp ∗ Postt

+ β5TreatedProvp ∗Muslimn + β6Muslimn ∗ Postt

+ θTreatedProvp ∗ Postt ∗Muslimn + δp + ρn + γt + εpnt

(5)

Where Ypnt in equation (4) represents the hate crime rate (per 100,000 inhabitants) against Muslims

of nationality n, in province p and year t. In this specification, we are using hate crimes exclusively

against individuals from a country classified as Muslim. TreatedProvp takes the value of one for the

affected provinces (Barcelona, Girona, and Tarragona) and zero otherwise. Postt is a dummy that

takes the value of one after the attacks and zero before. The coefficient of interest is β3. We include

province δp, nationality of the victim γn, and time ρt fixed effects. Standard errors are clustered at

the province level.

In equation (5), the outcome of interest, Ypnt, measures hate crime rate (per 100,000 inhabitants).

The coefficients of TreatedProvp, and Postt are constructed in the same ways as in equation (4).

Muslimn takes the value of one when the victim is of a Muslim nationality and zero for all other

immigrant nationalities. In this specification, as in the rest of the paper, we do not consider native

individuals. The coefficient from the triple interaction θ shows whether the hate crime rate has changed

for Muslims in affected provinces after (relative to before) the attacks. In this equation, we include

the same fixed effects and computation of the standard errors as in equation (4). The only difference

is that we include more nationalities than in the previous specification, which only includes Muslim

nationalities.

Results from the two exercises described above are shown in table 10. Column (A) shows that there

is an increase in the (reported) hate crime rate (per 100,000 inhabitants) against Muslims in provinces

affected by the attacks relative to non-affected. With respect to the pre-attacks mean, this effect

corresponds to an increase of around 40%. Column (B) provides the results for the triple difference in

differences estimator. Here, we also find a statistically significant increase in the hate crime rate for

victims of Muslim nationalities in affected provinces after the attacks. Compared to the mean before

attacks, this effect corresponds to a 28.07% increase in the hate crime rate. To add validity to these

results, we have performed event study estimates which are shown in the appendix section, table A8
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Table 10: Hate Crimes and nationality of the victim

(A) (B)

Difference in differences Triple Difference in differences

Hate crime rate against Hate crime rate
Muslims (per 100,000 inhab.) (per 100,000 inhab.)

DD Treated Prov*Post 0.0139*** 0.0043***
(0.0049) (0.0009)

DDD Treated Prov*Muslim*Post − 0.0096**
− (0.0046)

Treated Province -0.0193*** -0.0131***
(0.0018) (0.0017)

Post attacks 0.0047 0.0014
(0.0036) (0.0010)

Muslim dummy − -0.0130***
− (0.0039)

Interaction Muslim*Post − 0.0014
− (0.0020)

Interaction Muslim*Treated Prov − 0.0299***
− (0.0058)

Mean dependent variable 0.0342 0.0342
% Effect 40.64% 28.07%

Province FE x x
Nationality of the victim FE x x
Time FE x x

Observations 4,784 19,136
Number of clusters 52 52

Notes: Panel (A) presents the estimates of equation (4) where the outcome variable is hate crime rate against Muslim.
Panel (B) shows estimates of the Triple difference in difference equation (5) where the outcome is the hate crime rate
against all immigrant nationalities. Robust standard errors in parentheses clustered at the province level.
***p<0.001, **p<0.05, *p<0.10, respectively.

7.3 Terrorist attacks and stress

In the previous subsections we presented evidence supporting an increase in Islamophobia. As we

have stated before, this increased Islamophobia may be a source of stress affecting pregnant Muslim

women. Due to data limitations, we are not able to identify any stress-related outcomes directly from

the births record data. However, we can still use other sources of data to assess whether Muslim

women living in affected cities are facing increased levels of stress relative to other women. For this,

we use the Catalan Health Survey (ESCA), conducted by the Health Department in Catalonia, for

the years (cross-sections) 2015, 2016, 2017 and 2018. The survey compiles information about health,

lifestyle and use of health services of the population living in Catalonia 19. It is region-representative

and samples individuals at the ”basic health area” (AGA) level 20. Every AGA is composed by one

or more municipalities.

ESCA provides several variables related to health issues. For our purpose, we use four questions

related to stress. First, we utilize a binary measure of self assessed health, which takes the value

of one when the respondent declares having bad or very bad health, and zero otherwise. In the

survey individuals are also asked about mental wellness. We use a number of mental health questions

19Unfortunately, ESCA does not provide information on prenatal health care use.
20AGA is the territorial health government in which the Catalan health system is organized.
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and construct three dummy variables corresponding to one when respondents declare they have felt

relaxed, self-confident, and happy during the last two weeks; and zero otherwise.

We formally test whether Muslim women living in affected cities experienced increased levels of

stress after the attacks using the same specification as in equation (1), where now the outcomes

of interest are; self-assessed health and the three indicators of mental wellness. As in the baseline

estimates, we compare Muslim vs non-Muslim immigrant mothers (excluding Spanish women). We

also include month and year fixed effects, women’s country of birth fixed effects and AGA fixed effects.

Standard errors are clustered at the AGA level.

Table 11 shows that, for Muslim women living in affected cities and being exposed to the attacks is

associated with a decrease in the probability of being happy by 49.84 percentage points. For the other

outcomes, even if we do not find a statistically significant result, we get the expected signs. These

results are consistent with stress affecting mental wellness, which is an important channel through

which the fetus can be affected while in utero.

Table 11: Terrorist attacks and Stress

(1) (2) (3) (4)

Bad Health Relaxed Self-confident Happiness

DDD City*Muslim*Post 0.0622 -0.2082 -0.3399 -0.4984*
(0.2210) (0.1510) (0.3781) (0.2647)

Interaction City*Post -0.1095* -0.0560 0.0680 -0.0685
(0.0555) (0.1108) (0.0765) (0.0899)

Interaction City*Muslim -0.0218 -0.0431 0.0727 0.0287
(0.0426) (0.0743) (0.0735) (0.0971)

Interaction Muslim*Post 0.0879 -0.0133 -0.0426 -0.1127
(0.1021) (0.1011) (0.0735) (0.0859)

Month FE x x x x
Year FE x x x x
Municipality (AGA) FE x x x x
Mothers’ country of birth FE x x x x
Observations 946 877 877 877

Notes: Sample includes years 2015 to 2018. Women of childbearing age (15-45 years old). Estimation using weights

according to survey design. Standard errors clustered at the ”Area de region sanitaria” in Catalonia level, 43 clusters.

Source: Catalan Health Department, Catalan Health Interview Survey. ***p<0.001, **p<0.05, *p<0.10, respectively.

So far, we have argued that the adverse health at birth consequences that we find are driven

by maternal exposure to stress. However, this stress could induce behavioral responses and physical

conditions in Muslim mothers which, in turn, may adversely affect newborn’s health (Persson & Rossin-

Slater, 2018). For example, it is possible that Muslim women respond to increased stress by taking up

smoking or by changing their dietary habits. Those elements have been proven to increase the risk of

developing diseases such as diabetes and, these conditions, have been documented to be a risk for the

fetus. Moreover, high levels of stress have been linked to increased probabilities of developing high

blood pressure which, in turn, increases the chances of having complications during labor, pre-term

newborns and low birth weight babies. We study whether the Catalonia attacks are associated with

the presence of high risk factors (hypertension and diabetes) and with being a smoker. In table 12, we

can see that the attacks are positively associated with being a smoker, and with the share of Muslim

women (that live in the affected cities) having diabetes. For the hypertension indicator, even if we do

27



not find a statistically significant association, we get a positive sign in the coefficient of interest.

Table 12: Stress and behavioral responses

(1) (2) (3)

Smoking Status Hypertension Diabetes

DDD City*Muslim*Post 0.2077* 0.0183 0.2340**
(0.1207) (0.1258) (0.1034)

Interaction City*Post -0.1700*** 0.0028 0.0022
(0.0615) (0.0517) (0.0318)

Interaction City*Muslim -0.0414 -0.1693* -0.0194
(0.0466) (0.0932) (0.0190)

Interaction Muslim*Post -0.0213 0.2029** -0.0072
(0.0599) (0.0819) (0.0448)

Month FE x x x
Year FE x x x
Municipality (AGA) FE x x x
Mothers’ country of birth FE x x x
Observations 877 946 946

Notes: Sample includes years 2015 to 2018. Women of childbearing age (15-45 years old). Estimation

using weights according to survey design. Standard errors clustered at the ”Area de region sanitaria” in

Catalonia level, 43 clusters. ***p<0.001, **p<0.05, *p<0.10, respectively.

Source: Catalan Health Department, Catalan Health Interview Survey.

Smoking status equals 1 if daily smoker o occasional smoker.

According to our hypothesis, the attacks should mainly induce stress in Muslim women living in

affected municipalities, and should not have a significant impact for other groups of women. To test

this, we conduct a placebo analysis in which we change the treated group by women born in Latin

American countries (and exclude Muslim women from our sample). We re-estimate equation (1) with

the stress-related outcomes: Bad health, relaxed, self-confident and happiness. The results of this

placebo estimates show that, for Latin American mothers, there is no significant association between

the attacks and stress markers, except for the indicator of self-confidence but with the opposite sign.

One might also be concerned about different trends between Muslim and non-Muslim women before

the attacks that can be contaminating our stress results. To investigate this issue we estimate an event

study version of equation (1) with the four stress markers as outcomes. We use three pre-attacks and

one post-attacks periods, where the reference category is the period before the attacks (t=-1). Overall,

we do not find evidence of pre-trends in any of the outcomes examined. We find a significant result

for the ”feeling relaxed” outcome but it is in the very last period. Results of the placebo test and the

event study are shown in the appendix section in tables A9 and A10, respectively.

To conclude this section, we have found evidence of an increased rejection against the Muslim

community in affected places after the 2017 attacks, relative to non-exposed places. This represents

a plausible channel of increased exposure to stress. In particular, an increase in the general negative

feeling towards immigrants has been found in affected, compared to non-affected areas. We also find

evidence in support of an increase in local hate crimes in exposed municipalities after the attacks.

Moreover, we found that hate crime rate increases for Muslim victims in the affected provinces after

the attacks. Finally, we find that being a Muslim women living in the target cities is associated with

higher probabilities of reporting emotional stress. Previous evidence suggests that this stress can
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induce behavioral and physical responses, such as smoking and diabetes, that may potentially affect

newborns’ health at birth. However, we recognize that there might be other potential alternative

channels through which stress may be affecting Muslim women: for example, they could choose not

to go out in public, or refuse to seek medical attention 21. Moreover, increased hate crimes could lead

to a reduction in labor supply by mothers or their husbands, opening the possibility for an income

channel. Unfortunately, we are unable, due to data restrictions, to rule out these additional channels.

In any case, we argue, and we present robust evidence about it, that Islamophobia-related stress is

one of the channels affecting health at birth.

8 Conclusions

Islamophobia is a phenomenon that has increased in the last decades since the 9/11 New York ter-

rorist attacks perpetrated by jihadist groups. The usual target of this increased rejection are Muslim

individuals, usually living in affected places. There are some papers that have found a link between

Islamophobia and stress (Haque et al., 2019; Samari et al., 2018), which is particularly important

for pregnant Muslim women as the evidence suggests that intra-uterine exposure to stress leads to

detrimental health outcomes at birth.

In turn, health at birth has proved to have an impact in adulthood outcomes such as earnings,

educational attainment and well-being (Currie & Vogl, 2013). There are many factors that can affect

health at birth: one of them is exposure to stress during pregnancy, that may have negative effects in

terms of birth weight, complications during delivery, etc.

Regarding human capital, there are specific groups of individuals, in which immigrants are included,

that are particularly vulnerable as a result of existing barriers to join the labor market, earn a equitable

wage, or attend school, among others. If we add detrimental health at birth in the next generations

to these already existing disadvantages, the gap between them and the host population becomes

extremely difficult to eliminate.

In this sense, assessing the extent to which exogenous sources of stress, such as those coming from

terrorist attacks, affect health at birth of the immigrant Muslim community becomes very relevant.

In particular, it is relevant to understand if they have been object of rejection, discrimination and

hate speech (Union of Muslim Communities in Spain, 2018) after a terrorist attack perpetrated by

a jihadist group, as these types of situations have been proven to negatively affect pregnant women

through stress.

In this paper, we evaluate the effects of the Catalonia 2017 jihadist terrorist attacks on health at

birth for newborns whose mothers are born in a Muslim country and reside in the affected cities. Using

a triple difference in differences approach, we find that the attacks increase the share of newborns with

low birth weight and increase the share of deliveries with complications for the population under study.

We also present evidence regarding the timing of the attacks and the trimester of gestation. We find

21In this regards, as ESCA does not provide any information on prenatal care, we have used as indirect measures
outcome variables such as (i) visits to the specialist, and (ii) visits to the gynecologist to see whether there are differences
in health care use in our group of interest after the attacks. Estimates from this exercise do not show any significant
result in terms of any change in health care use. Results of this exercise are available upon request.
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that exposure to stress, coming from the attacks, during the first trimester of pregnancy is linked to

worse health at birth outcomes for our group of interest. This conclusion is consistent with other

research assessing terrorist attacks and health at birth. In addition, we also find detrimental effects

on the second and third trimester of gestation.

We also show that a plausible mechanism through which the attacks affect the group of inter-

est is maternal stress. This stress comes from increased rejection against the Muslim community

-Islamophobia-, particularly after the attacks. We measure this increased rejection making use of

survey data analyzing attitudes towards immigrants in Spain. We find that the 2017 attacks increase

the rejection against Muslims in affected provinces, increase the negative feeling towards immigrants

and also contribute to an increase in the proportion of hate speech against immigrant groups in the

provinces where the attacks took place. In addition, we provide an indirect measure of Islamophobia;

an increase in the number of local hate crimes in target cities (relative to non-attacked cities) after the

attacks. We go one step further and show that hate crime rates against Muslim victims increase after

the attacks in affected areas, relative to other groups of the immigrant population. Regarding maternal

stress, we present evidence suggesting an increase in the share of (immigrant) Muslim women living

in affected cities that experience stress after the attacks. Moreover, we find an association between

the attacks and stress-induced conditions that may potentially affect health at birth, such as smoking

and diabetes. However, we recognize that there might be other channels affecting health at birth that

we are not able to check due to data constraints. Nonetheless, our results are in line with the medical

and economic literature that shows a positive relation between stress and detrimental health at birth,

as well as research linking Islamophobia and stress.

Our estimates are robust to a set of potential threats allowing us to draw causal conclusions

regarding the effects of the 2017 attacks on health at birth. However, there are some limitations in

our study, coming mostly from restrictions in data availability. First, there is limited information

regarding the socio-economic status of the household or the specific mother, so that we cannot assess

the potential existence of heterogeneous effects. Second, we do not have a direct measure of mother’s

health status, which can obviously play a role in newborns’ health. In spite of these drawbacks we

believe our results are robust based on our identification strategy.

Finally, our results are of high policy relevance to encourage future actions towards a more inclusive

society, fighting against discrimination towards a group of individuals that not only has a great presence

in Spain, 4% of the total population, but also across other European countries as well as in The United

States of America.
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A Appendix

Figure A1: Non-Muslim immigrants distribution across countries
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Notes: Own elaboration using the National registry of live births in Spain provided by the INE, years 2015 - 2018.
Every bar represents the percent that represents each region within the control group.
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Figure A2: Raw trends for Measures of Islamophobia
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(b) Negative feeling immigration
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(c) Hate speech
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(d) Hate crime rate against Muslims

Notes: Figure shows the raw trends of the Islamophobia-related outcomes. Panel (a) depicts trends for the rejection
against Muslim, panel (b) for the negative feeling towards immigrants, panel (c) for hate speech against immigrants, and
panel (d) for hate crime rate against Muslims, in all cases comparing affected vs. non-affected provinces.
Source: Authors’ calculations based on data from the ”Centro de Investigaciones Sociológicas” of Spain and ”Ministerio
del Interior”, for years 2015-2018.
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Figure A3: Raw trends Rejection against Latin American
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Notes: Figure shows the raw trends of the rejection against Latin American comparing affected vs. non-affected provinces.
Source: Authors’ calculations based on data from the ”Centro de Investigaciones Sociológicas” of Spain, for years 2015-
2017.
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Table A1: Muslim immigrants distribution across countries

Country of birth Freq. Percent Cum. % of population
that is Muslim

Algeria 483 1.68 1.68 98.00
Gambia 964 3.36 5.04 95.30
Guinea 260 0.91 5.95 84.20
Guinea-Bissau 41 0.14 6.09 42.80
Mali 427 1.49 7.58 92.40
Morocco 21,338 74.40 81.98 99.90
Mauritian 61 0.21 82.19 99.20
Nigeria 544 1.90 84.09 47.90
Senegal 1,180 4.11 88.20 95.90
Bangladesh 596 2.08 90.28 90.40
Pakistan 2,703 9.42 99.70 96.40
Syria 85 0.30 100.00 92.80

Total 28,682 100.00

Elaboration: The Authors.
Source: National Registry of live births in Spain (INE, 2018).
For the share of Muslim population in each country we refer to
the World Population Review (2010) https://worldpopulationreview

.com/countries/muslim-majority-countries/, and file:///C:/Users/

Grace/Downloads/FutureGlobalMuslimPopulation-WebPDF-Feb10.pdf.

Table A2: Emigration and net immigration of Muslim women

Panel A: Emigration (from SPAIN)
With destination to countries with a majority of Muslim population
Per semester, years 2015 to 2018.
Women between 15 and 49 years old – All nationalities

2015-I 2015-II 2016-I 2016-II 2017-I 2017-II 2018-I 2018-II
# Migratory movements 1,855 2,091 2,087 2,236 2,765 2,663 2,094 1,899

Panel B: Emigration (from SPAIN) to foreign countries
Per semester, years 2015 to 2018.
Women between 15 and 49 years old – born in Muslim countries

2015-I 2015-II 2016-I 2016-II 2017-I 2017-II 2018-I 2018-II
# Migratory movements 3,832 4,315 4,061 4,210 4,256 4,239 3,918 3,446

Panel C: Net immigration (abroad)
Per semester, years 2015 to 2018.
Women between 15 and 49 years old – born in Muslim countries

2015-I 2015-II 2016-I 2016-II 2017-I 2017-II 2018-I 2018-II
# Migratory movements 1,775 1,814 2,580 3,163 3,419 5,057 6,094 10,573

Elaboration: The Authors.
Source: Emigration and immigration flows taken from the National Institution of Statistics of Spain (INE).
The unit of observation is the number of migratory movements.
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Table A3: Robustness Check - Measure of Distance to Treated Cities

(1) (2) (3) (4) (5) (6)

Birth Weight LBW Prematurity Complications Female (C-Section)

DDD Dist*Muslim*Post -73.6575* 0.0521*** 0.0041 -0.0401 0.0588* -0.0558
(40.0898) (0.0188) (0.0130) (0.0371) (0.0341) (0.0424)

Interaction Distance*Post -20.4512 0.0013 0.0194* 0.0053 0.0029 0.0342
(30.7420) (0.0156) (0.0110) (0.0201) (0.0262) (0.0259)

Interaction Distance*Muslim 13.9920 -0.0040 0.0031 0.0548*** -0.0184 0.0015
(35.3630) (0.0148) (0.0097) (0.0176) (0.0261) (0.0245)

Interaction Muslim*Post 37.8409 -0.0350** 0.0053 0.0351 -0.0340 0.0291
(32.8891) (0.0163) (0.0114) (0.0288) (0.0266) (0.0354)

Municipality of residence FE x x x x x x
Month, year of conception FE x x x x x x
Mother’s country origin FE x x x x x x
Observations 65,519 65,519 75,070 75,070 75,070 75,070

Notes: OLS estimates. Outcomes for the live births from mothers whose region of residence is Catalonia. Standard errors are
clustered at the mother’s municipality of residence level, 121 clusters. The variable ”Distance” is modelled as a negative exponential
form of the minimum distance to Barcelona, Cambrils or Ripoll.
***p<0.001, **p<0.05, *p<0.10, respectively.

Table A4: Robustness Check - Excluding Barcelona City

(1) (2) (3) (4) (5) (6)

Birth Weight LBW Prematurity Complications Female C-Section

DDD City*Muslim*Post -139.5538*** 0.0163 0.0283 0.0312 -0.0859* 0.0605***
(11.9017) (0.0301) (0.0254) (0.0469) (0.0449) (0.0182)

Interaction City*Post -6.4718 0.0196 0.0221 -0.0413*** 0.0765** -0.0253
(12.2431) (0.0172) (0.0162) (0.0103) (0.0342) (0.0376)

Interaction City*Muslim 233.7940*** -0.0414*** -0.0423*** -0.0064 -0.0132 -0.0025
(31.3878) (0.0034) (0.0073) (0.0118) (0.0196) (0.0088)

Interaction Muslim*Post -15.9175 0.0018 0.0079* 0.0013 0.0060 -0.0156*
(10.5626) (0.0055) (0.0042) (0.0069) (0.0103) (0.0090)

Municipality of residence FE x x x x x x
Month, year of conception FE x x x x x x
Mother’s country origin FE x x x x x x
Observations 47,621 47,621 54,582 54,582 54,582 54,582

Notes: OLS estimates of equation (1). Outcomes for the live births from mothers whose region of residence is Catalonia excluding
those living in Barcelona City (21,565 observations). Standard errors are clustered at the mother’s municipality of residence level,
120 clusters.
***p<0.001, **p<0.05, *p<0.10, respectively
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Table A5: Robustness Check - Excluding Ripoll City

(1) (2) (3) (4) (5) (6)

Birth Weight LBW Prematurity Complications Female C-Section

DDD City*Muslim*Post -10.2867 0.0149*** 0.0046 0.0134* 0.0213* 0.0115
(12.0062) (0.0057) (0.0042) (0.0074) (0.0123) (0.0091)

Interaction City*Post -2.8852 -0.0034 0.0087** -0.0018 -0.0111 0.0152**
(6.6855) (0.0047) (0.0034) (0.0057) (0.0067) (0.0060)

Interaction City*Muslim 3.1384 0.0011 -0.0004 0.0074 -0.0136** -0.0071
(13.8459) (0.0039) (0.0033) (0.0046) (0.0056) (0.0062)

Interaction Muslim*Post -15.8402 0.0018 0.0077* 0.0012 0.0052 -0.0154*
(10.6046) (0.0056) (0.0042) (0.0069) (0.0103) (0.0090)

Municipality of residence FE x x x x x x
Month, year of conception FE x x x x x x
Mother’s country origin FE x x x x x x
Observations 65,447 65,447 74,982 74,982 74,982 74,982

Notes: OLS estimates of equation (1). Outcomes for the live births from mothers whose region of residence is Catalonia excluding
those living in the municipality of Ripoll (90 observations). Standard errors are clustered at the mother’s municipality of residence
level, 120 clusters.
***p<0.001, **p<0.05, *p<0.10, respectively

Table A6: Robustness Check - Excluding Cambrils City

(1) (2) (3) (4) (5) (6)

Birth Weight LBW Prematurity Complications Female C-Section

DDD City*Muslim*Post -9.2203 0.0163*** 0.0053 0.0166** 0.0280*** 0.0118
(11.4679) (0.0059) (0.0045) (0.0071) (0.0104) (0.0091)

Interaction City*Post -2.8910 -0.0041 0.0081** -0.0015 -0.0116* 0.0164***
(6.6735) (0.0047) (0.0034) (0.0057) (0.0066) (0.0058)

Interaction City*Muslim -4.3075 0.0023 0.0002 0.0077 -0.0150** -0.0079
(8.1318) (0.0034) (0.0031) (0.0047) (0.0058) (0.0062)

Interaction Muslim*Post -15.8887 0.0019 0.0077* 0.0012 0.0052 -0.0155*
(10.6016) (0.0056) (0.0042) (0.0069) (0.0103) (0.0090)

Municipality of residence FE x x x x x x
Month, year of conception FE x x x x x x
Mother’s country origin FE x x x x x x
Observations 65,180 65,180 74,710 74,710 74,710 74,710

Notes: OLS estimates of equation (1). Outcomes for the live births from mothers whose region of residence is Catalonia excluding
those living in the municipality of Cambrils (372 observations). Standard errors are clustered at the mother’s municipality of
residence level, 120 clusters.
***p<0.001, **p<0.05, *p<0.10, respectively
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Table A7: Hate Crimes - Event Study

(1)

(ln) Hate Crimes

City*Pre,t-3 -0.4670***
(0.0491)

City*Pre,t-2 -0.0607
(0.0617)

City*Event 0.0577
(0.1109)

Municipality FE x
Month FE x
Year FE x
Observations 7,308

Notes: Sample includes years 2015 to 2017. Time dum-

mies are constructed on an annual base. The omitted

category is one period before the attacks.

Standard errors clustered at the municipality level, 203

clusters.

Source: Catalan Health Department, Catalan Health In-

terview Survey.

***p<0.001, **p<0.05, respectively.

Table A8: Hate Crimes and nationality of the victim - Event Study

(A) (B)

Difference in Differences Triple Difference in Differences

Outcome Hate crime rate against Hate crime rate
Muslim (per 100.000 hab) (per 100.000 hab)

Pre,t-2 -0.0004 0.0020
(0.0063) (0.0060)

Event 0.0755*** 0.0613***
(0.0177) (0.0180)

Post,t+1 -0.0001 -0.0004
(0.0046) (0.0049)

Province FE x x
Nationality of the victim FE x x
Time FE x x
Observations 4,784 19,136

Notes: Sample includes years 2015 to 2018. Column (A) show event study version of equation (4), and
column (B) those of equation (5). The omitted category is one period before the attacks. Standard
errors clustered at the province level, 52 clusters.
***p<0.001, **p<0.05, respectively.
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Table A9: Terrorist attacks and Stress - Placebo

(1) (2) (3) (4)

Bad Health Relaxed Self-confident Happiness

DDD City*Latin*Post -0.1849 -0.0589 0.2478** 0.2274
(0.1144) (0.2886) (0.0980) (0.1536)

Interaction City*Post 0.0096 -0.0197 -0.1028 -0.2470**
(0.0986) (0.2411) (0.0972) (0.1053)

Interaction City*Latin 0.1679 -0.1288 -0.1031 -0.1676
(0.1013) (0.1425) (0.0965) (0.1022)

Interaction Latin*Post 0.1564* -0.1336 -0.1966*** -0.2182***
(0.0833) (0.1202) (0.0550) (0.0621)

Month FE x x x x
Year FE x x x x
Municipality (AGA) FE x x x x
Mothers’ country of birth FE x x x x
Observations 686 665 665 665

Notes: Sample includes years 2015 to 2018. Women of childbearing age (15-45 years old). The treatment group is

made up with mothers born in Latin American countries. Controls are mothers born in other foreign countries.

Estimation using weights according to survey design. Standard errors clustered at the ”Area de region sanitaria” in

Catalonia level, 43 clusters.

Source: Catalan Health Department, Catalan Health Interview Survey. ***p<0.001, **p<0.05, *p<0.10, respectively.

Table A10: Terrorist attacks and Stress - Event Study

(1) (2) (3) (4)

Bad Health Relaxed Self-confident Happiness

City*Muslim*Pre,t-3 0.0021 -0.6894*** -0.0693 -0.1380
(0.1188) (0.1972) (0.1338) (0.1415)

City*Muslim*Pre,t-2 -0.1812 -0.5532 -0.4411 -0.6622
(0.1437) (0.4626) (0.3486) (0.3437)

City*Muslim*Event 0.1798 -0.7475** -0.6456 -1.0134***
(0.3099) (0.3691) (0.4845) (0.2310)

City*Muslim*Post,t+1 -0.2099 -0.0851 0.0713 0.2017
(0.1565) (0.2554) (0.1760) (0.2062)

Month FE x x x x
Year FE x x x x
Municipality (AGA) FE x x x x
Mothers’ country of birth FE x x x x
Observations 946 877 877 877

Notes: Sample includes years 2015 to 2018. Immigrant women of childbearing age (15-45 years old). The omitted

category is one period before the attacks.

Estimation using weights according to survey design. Standard errors clustered at the ”Area de region sanitaria” in

Catalonia level, 43 clusters.

Source: Catalan Health Department, Catalan Health Interview Survey. ***p<0.001, **p<0.05, *p<0.10, respectively.
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