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Abstract 

 
The evidence that demonstrates the negative effects of maternal psychological stress during 
pregnancy on a wide variety of offspring outcomes is growing. Animal studies suggest that 
negative influences of maternal stress during pregnancy persist across multiple generations, 
but the direct evidence to confirm that the effect is present among human populations is 
scarce. This study draws evidence on the intergenerational influences of maternal stress from 
the Kwangju uprising (May 18 to 27, 1980), arguably the bloodiest incident that occurred in 
South Korea since the end of the Korean War in 1953. The micro files of the Vital Statistics 
of South Korea are utilized for the study. The results of difference-in-difference estimations 
suggest that in utero exposure to the Kwangju uprising significantly diminished the offspring 
birth weight and length of gestation, and increased the risks of low birth weight and preterm 
birth. The impact of exposure to maternal stress differs by stage of pregnancy when the shock 
is received. Exposure to stress during the second trimester of pregnancy exerted the strongest 
negative effect on grandchildren’s birth weights and the probabilities of low birth weight and 
preterm birth. As for the length of gestation, the second and third trimesters were equally 
critical. The intergenerational effects of the exposure to stress in pregnancy were more 
strongly associated with boys than with girls. 
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1. Introduction 

 

The strong and persistent effects of in utero exposure to adverse environment on 

health and socioeconomic outcomes in older adults are widely accepted (Barker 1992, 1994, 

Currie and Hyson 1999; Chay and Greenstone 2003; Behrman and Rosenzweig 2004; Black, 

Devereux, and Salvanes 2007; Currie and Moretti 2007). In recent years, a growing number 

of studies have offered semi-experimental evidence on the consequences of exogenously 

generated shocks to fetal health, including disease, famine, pollution, and economic recession, 

such as the 1918 Pandemic Influenza (Almond 2006; Almond and Mazumder 2005), the 

Dutch Famine (Neugebauer, Hoek, and Susser 1999; Roseboom, Meulen, Ravelli et al. 2001; 

Bleker et al. 2005), the Chinese Famine (St. Clair et al. 2005; Luo, Mu, and Zhang 2006; 

Meng and Qian 2009; Chen and Zhou 2007; Almond et al. 2010), the air pollution in the 

United States (Chay and Greenstone 2003), and the Chernobyl disaster (Almond, Edlund, and 

Palme 2009). 

Growing evidence demonstrates that maternal psychological stress during pregnancy, 

a more subtle form of health shock, negatively affects a variety of offspring outcomes 

(Weinstock 2001). The influences of a wide range of stressors have been investigated based 

on semi-experimental episodes, which include the German army’s invasion of the 

Netherlands in 1940 (Os and Selten 1998), the Six-Day War in 1967 (Meijer 2007), the 

Korean War in 1950 (Lee 2012), the September 11, 2001 terrorist attacks and its aftermath 

(Lauderdale 2006; Eccleston 2011), the 2005 Tarapaca earthquake in Chile (Torche 2011), 

and hurricanes (Currie and Rossin-Slater 2012). A possible mechanism by which maternal 

stress affects the health of the next generation is hormonal change (Weinstock 2001; Aizer et 

al. 2009). 

Animal studies suggest that negative influences of maternal stress during pregnancy 

persist across multiple generations (Drake and Walker 2004; Sheriff et al. 2010), but limited 

direct evidence confirms that the negative influences are present among human populations. 

Meanwhile, human studies indicate that parental and offspring birth weights are positively 

related (Emanuel et al. 1992; Klebanoff et al. 1997; Currie and Moretti 2007). If these 

findings are combined with the result stating that maternal stress in pregnancy reduces 

offspring birth weights, we might expect to find the multi-generational effects of maternal 

stress. 
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The current study draws evidence on the intergenerational influences of maternal 

stress from the Kwangju uprising, arguably the bloodiest incident that occurred in South 

Korea since the end of the Korean War in 1953.1 The tragic event took place on May 18, 

1980 in the southwestern city of Kwangju (with a population of 730,000 at the time) in the 

course of political crisis that followed the assassination of President Park in October 1979. 

Student demonstrations demanding democratic reform turned to mass protests by citizens 

who were angered by the brutal acts of violence conducted by paratroopers (special unit 

trained for guerrilla warfare), and the incident soon escalated into a bloody warfare between 

armed civilian militias (called the Citizen Army) and martial law troops.  

An estimated 500 civilians were killed and over 3,000 were wounded in the violence 

that engulfed the city (Shin and Hwang 2003, p. xvii). Even for the citizens who avoided any 

direct damage, the incident was extremely stressful. How the traumatic experiences during 

the Kwangju uprising affected the lives of the vast majority of the citizens who were not 

visibly influenced by the violence during the event was not systematically documented. No 

attempts have been made to understand the impact of the tragic event on offspring outcomes. 

In this study, we hypothesize that the maternal stress in pregnancy from the Kwangju 

uprising negatively affected the fetal health of the children, and that the impact of the adverse 

early-life shock even transmitted to the health of the next generation. To investigate this 

hypothesis, we compare several measures of birth outcomes, namely, average birth weight, 

risk of low birth weight (birth weight lower than 2.5 kg), the length of gestation, and the risk 

of preterm birth (gestation period shorter than 37 weeks) between the children of women 

exposed to the Kwangju uprising (the female cohorts born from June 1980 to February 1981 

residing in Kwangju at the time of delivery) and the rest of newborn babies. The difference-

in-difference estimation method is applied. The results suggest that in utero exposure to the 

Kwangju uprising adversely affected offspring birth outcomes. The impact of exposure to 

maternal stress differs by stage of pregnancy when the shock is received. Exposure to stress 

during the second trimester of pregnancy exerted the strongest negative effect on 

grandchildren’s birth weights and the risks of low birth weight and preterm birth. As for the 

                                           

1This tragic event is also referred to as “Kwangju Democratization Movement,” “Kwangju Incidence,” 
and “Kwangju Massacre.” Each of these different ways of describing the incident corresponds to a 
particular political or ideological view of the modern Korean history. Considering that this study is 
not about political aspects of the struggle, these names will often be used interchangeably within the 
paper. 
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length of gestation, the second and third trimesters were equally critical. The 

intergenerational effects of the exposure to stress in pregnancy were more strongly associated 

with boys than with girls. 

  

2. Maternal Stress and Offspring Outcomes 

 

A voluminous body of research has established that in utero exposure to adverse 

environment has strong and persistent effects on health and socioeconomic outcomes in older 

adults. Since David J. Barker and his colleagues developed and popularized the fetal origins 

hypothesis (Barker 1992, 1994), a variety of evidence supported this thesis (Currie and 

Hyson 1999; Chay and Greenstone 2003; Behrman and Rosenzweig 2004; Black, Devereux, 

and Salvanes 2007; Currie and Moretti 2007). In recent years, a growing number of studies 

have offered semi-experimental evidence on the consequences of exogenously generated 

shocks to fetal health, including hunger, disease, and pollution. Such traumatic events include 

the 1918 Pandemic Influenza (Almond 2006; Almond and Mazumder 2005), the Dutch 

Famine (Neugebauer, Hoek, and Susser 1999; Roseboom, Meulen, Ravelli et al. 2001; Bleker 

et al. 2005), the Chinese Famine (St. Clair et al. 2005; Luo, Mu, and Zhang 2006; Meng and 

Qian 2009; Chen and Zhou 2007; Almond et al. 2010), the air pollution in the United States 

(Chay and Greenstone 2003), and the Chernobyl disaster (Almond, Edlund, and Palme 2009). 

Evidence also shows that maternal psychological stress during pregnancy, a more 

subtle form of negative health shock, negatively affects a wide variety of offspring outcomes. 

A possible mechanism by which maternal stress affects the health of the next generation is 

hormonal change. Human studies suggest that maternal stress during pregnancy, associated 

with raised plasma levels of corticotrophin releasing hormone (CRH) and cortisol, may 

increase the likelihood of preterm birth, developmental delays, and behavioral abnormalities 

in the children (Weinstock 2001). Aizer et al. (2009) reports that poor mothers have elevated 

levels of the stress hormone cortisol. The increased cortisol in pregnancy negatively affects 

the cognition, health, and educational attainment of their children, even if unobservable 

differences between mothers are controlled for by making comparisons between siblings. 

The influences of a wide range of stressors have been reported. For example, Os and 

Selten (1998) found that prenatal exposure to maternal stress caused by the invasion of the 

German army in the May 1940 increased the risk of lifetime diagnosis of schizophrenia. 
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Maternal stress caused by the loss of a husband among the Finnish population between 1925 

and 1957 increased the incidence of psychiatric disorders (Huttunen and Niskanen 1978). 

Israeli male cohorts exposed to maternal stress caused by the Six-Day War in 1967 were more 

likely to experience developmental delays and behavioral disorders (Meijer 2007). 

Epidemiological studies based on human experiences and animal experiments have shown 

that exposure to excessive noise in pregnancy can cause stillbirth, birth defects, and 

decreased birth weight (Geber 1970; Jones and Tauscher 1978; Knipschild et al. 1981). 

An emerging research by economists and other social scientists provides evidence 

pertaining to the effects of maternal stress on offspring health and economic outcomes based 

on semi-experimental episodes. Lauderdale (2006) finds that Arabic-named women in 

California, who went through a period of increased harassment, violence, and workplace 

discrimination immediately after September 11, 2001, had increased risk of preterm birth and 

low birth weight. Eccleston (2011) reports that individuals exposed to the stress of the 

September 11, 2001 terrorist attacks in utero weighed less, had a shorter duration of gestation, 

and had lower initial educational attainment. According to Currie and Rossin-Slater (2012), 

exposure to a hurricane during pregnancy increased the probability of complications of labor 

and delivery. Torche (2011) reports maternal exposure to stress caused by the 2005 Tarapaca 

earthquake in Chile resulted in a significant decline in birth weight and an increase in the 

proportion of low birth weight. Lee (2012) finds strong negative effects of in utero exposure 

to the Korean War on economic and health outcomes in older adults, and suggests that 

increased maternal stress from exposure to combat activities and war-related atrocities is 

probably a major mechanism of the effects. 

Animal studies suggest that the negative influences of maternal stress during 

pregnancy persist across multiple generations. For example, a study of a mammal (snowshoe 

hare) reports that a predator-induced increase in maternal stress hormone levels resulted in a 

decline in reproduction, and that the effect persisted across several generations even after the 

predators have disappeared (Sheriff et al. 2010). The negative effect of poor maternal diet on 

birth weight among black-and-white hooded rats persisted for approximately three 

generations despite the resumption of normal nutrition (Stewart et al. 1975; Stewart et al. 

1980). Maternal exercise during pregnancy resulted in the low birth weight of the second-

generation pups although the growth-retarded first generation remained sedentary during 

pregnancy (Pinto and Shetty 1995). 
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The presence of the multi-generational effect of maternal stress in human populations 

is less clear, although some circumstantial evidence from research on historical famine 

exists.2 Epidemiological studies have reported that parental and offspring birth weights are 

positively related, and that matrilineal intergenerational effect on birth weight is stronger than 

relationship between paternal and offspring birth weight (Emanuel et al. 1992; Klebanoff et al. 

1997). Currie and Moretti (2007) found that if a mother was born with low birth weight, her 

child is significantly more likely to have low birth weight, even if the comparison is between 

mothers who are sisters. If these findings are combined with the result demonstrating that 

maternal stress in pregnancy reduces offspring birth weights, we might expect to find the 

multi-generational effects of maternal stress. 

A possible mechanism behind the intergenerational transmission of birth weight is 

maternal growth, especially the uterine and ovarian size. Exposure of the fetus to a negative 

shock in utero may permanently alter physiology in adulthood. Such physiological changes 

may result in an adverse intrauterine environment for the offspring of the mother, leading to 

physiological changes in the next generation. Evidence shows that maternal size is associated 

with the size of the offspring (Hackman et al. 1983; Emanuel 1997). Another possible 

explanation is that a stimulus or insult received during critical periods of growth and 

development may permanently alter the programming of physiology by epigenetic 

modification (Rakyan et al. 2001). 

  

3. The Kwangju Uprising in May 1980 

 

The Kwangju uprising occurred in May 1980 in the course of the political turmoil 

that followed the assassination of President Park Chung Hee on the night of October 26, 1979. 

As Park’s 18-year authoritarian regime ended abruptly, the country entered a period of 

political instability. The prime minister who immediately succeeded Park as the new 

president had little power to lead the nation through the political crisis. On December 12, the 

new military regime headed by Generals Chun Doo Hwan and Roh Tae Woo took control of 

                                           

2Recent research suggests that early-life exposure to famine has negative effects on the health and 
socioeconomic status of the next generation (Fung and Ha 2010; Kim and Fleisher 2010). Although a 
different type of shock is examined, and prenatal exposure is not clearly identified in these studies, 
this evidence highlights the possibility of the multi-generational transmission of the consequences of 
maternal stress. 
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the government through a military coup.  

Many Koreans, especially college students, were frustrated and angered by the rise of 

another military dictatorship that filled the power vacuum created by Park’s downfall. 

Through protests and demonstrations, they demanded that Chun resign from key positions 

and called for immediate democratic reform, including an end to martial law (declared after 

Park’s assassination), direct presidential election, and freedom of the press. These pro-

democracy activities culminated in the demonstration at Seoul station on May 15, 1980 where 

an estimated 150,000 students and citizens gathered to protest the new military regime. 

General Chun and his collaborators responded by taking several oppressive measures. 

On May 17, they extended martial law to the entire nation, which was not applied previously 

to the island of Cheju. The new martial law suspended the cabinet and closed the National 

Assembly. The military regime also closed down all university campuses and arrested many 

political leaders. Among those who were arrested was Kim Dae Jung, a highly popular 

political leader from the southwest (Honam) region where Kwangju is located. To enforce the 

new martial law, troops were deployed to various parts of the country. In Kwangju, too, the 

provincial office and other key official buildings as well as universities were under the 

occupation of riot police and soldiers. 

 The first clash between civilian demonstrators and soldiers occurred on the morning 

of May 18 when about 200 college students who gathered at the gate of Chonnam National 

University were brutally attacked by a squad of paratroopers. In the afternoon that same day, 

a larger number of students and citizens who demonstrated in downtown Kwangju were 

mercilessly suppressed by paratroopers (special troops trained for guerrilla warfare). 

Testimonial and photographic evidence shows that martial law soldiers assaulted both 

demonstrators and onlookers using batons and bayonets. The first known fatality was a 29-

year-old deaf man who was clubbed to death on May 18 while passing by the scene. 

According to a martial law document, 68 people were injured and 405 were arrested that day.  

 The eyewitness news of excessive repression by the military spread around the city, 

which prompted more students and citizens to come out onto the street and to become 

anxious to know what had happened the previous day. On May 19, the number of students 

and citizens who participated in demonstrations grew to several thousands. The martial law 

troops once again attempted to suppress the protests with brutality. Soldiers in small teams 

searched buildings and houses and indiscriminately assaulted any young man they found and 
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took him into custody. Soldiers forced the captured young men to strip down to their 

underwear and beat them on the street with their hands tied. This scene became one of the 

most symbolic images of the Kwangju uprising. 

As ordinary citizens were infuriated by the ruthless acts of violence conducted by 

martial law troops, the number of protestors on the street rapidly increased and exceeded tens 

of thousands by May 20. Angered protesters burned down television station buildings for 

false broadcasting, and rammed cars into soldiers and policemen. As the conflict escalated, 

the army opened fire on citizens, killing or seriously injuring at least 20 people. The violence 

climaxed on May 21. The martial law troops fired at protestors gathered in front of the 

Provincial Office, killing at least 54 people and injuring about 500. In response, civilian 

protestors armed themselves with rifles by raiding armories and police stations. Later that 

afternoon, the “Citizen’s Army” and the government troops began to engage in bloody 

gunfights. Concerned with the growing number of casualties, the government troops finally 

retreated to suburban areas to wait for reinforcement. Kwangju citizens took full control of 

the city for five days (May 22 to 26). 

During this period, Kwangju was completely isolated from the rest of the country as 

the army blocked all routes and communications leading in and out of the city. On May 23, 

soldiers fired at a bus that attempted to break out of the city, killing 17 out of the 18 

passengers. The following day, soldiers mistook boys swimming in a reservoir as attempting 

to cross, and shot and killed one of them. Meanwhile, a remarkable degree of order in the 

self-governed city under siege was established. Markets reopened and basic necessities such 

as food, water, and electricity were supplied to the residents without interruption. On May 22, 

the Citizens Settlement Committee was formed and negotiated with the army to demand the 

release of arrested citizens, compensation for victims, and prohibition of retaliation in 

exchange for the disarmament of militias. However, the negotiations came to a deadlock, as 

the army insisted that the militias should unconditionally disarm themselves. Before dawn of 

May 27, government troops moved into the city with the aid of tanks and guns. By late 

morning, the military had retaken the city, defeating the Citizen Army garrisoned at the 

Provincial Office. The 10-day Kwangju uprising was finally crushed. 

Even today, the exact number of people who were killed or injured during the 

Kwangju uprising is uncertain. Shortly after the tragedy, the Martial Law Command 

announced that 170 people died (144 civilians, 22 soldiers, and 4 policemen) and 380 were 
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wounded. These official figures have been criticized by some as being too low. In particular, 

these estimates fail to account for the number of people who are still missing and presumed 

dead. A recent scholarly work on the Kwangju uprising argues that the best estimate available 

today is about 500 civilians killed and over 3,000 wounded (Shin and Hwang 2003, p. xvii).  

The estimated number of individuals directly victimized by the Kwangju uprising 

(dead, missing, injured, or detained) is over 4,000. Although quantitative documentations are 

rare, the Kwangju uprising left lasting scars on the surviving victims and their families. 

Testimonials frequently refer to ongoing medical problems (including nervous anxiety and 

depression, as well as lingering illnesses and death), financial difficulties (including 

unemployment), and general hardship (Kwangju People’s Uprising Bereaved Families 

Association 1989; Byun and Lewis 2000). A more systematic study by a medical 

anthropologist/nurse found that 92% of Kwangju victims developed post-traumatic stress 

disorders; they were much more likely to suffer from physical ailments, anxiety, and 

depression than nonvictims in Kwangju (Byun 1996). 

Determining how the traumatic experiences during the Kwangju uprising affected the 

lives of the vast majority of the citizens who were not visibly influenced by the violence 

during the event is less clear. Even for the more fortunate residents of Kwangju who avoided 

any direct damage, the incident must be extremely stressful in several respects. Many citizens, 

including those who did not actively participate in demonstrations, encountered brutal acts of 

violence that are unthinkable in a peace-time city. War-like conflicts on the street, media 

coverage depicting Kwangju protestors as North Korean communists’ espionage, and blocked 

communications with the outside of community perhaps generated great fear and anxiety 

among ordinary citizens.  

The time was difficult for mothers and young wives, including pregnant women, 

whose sons and husbands were the major targets of oppression. Based on the findings from 

previous literature on the effects of maternal stress in pregnancy, fetal and maternal health 

could be negatively affected by the exposure to the disruptions caused by the Kwangju 

uprising. No attempts have been made to understand the impact of the tragic event on the 

offspring outcomes. Micro files of birth records are unavailable for the period prior to 1991; 

thus, studying the birth outcomes of the children who were exposed to the Kwangju uprising 

while in utero is impossible. 

The Kwangju uprising provides a unique opportunity for identifying the impact of 
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maternal psychological stress on pregnancy. First, the tragic incident of May 1980 was a 

completely unanticipated shock that was unavoidably sustained by all citizens of Kwangju. 

The aggressive move of the new military regime to suppress the democratization movement 

was largely unknown to the public until it actually happened. Once the crackdown started, the 

citizens could not keep away from the terror by moving out of the city because all routes 

leading into and out of Kwangju were blocked by government troops.  

Second, the major type of negative shocks to fetal health caused by the Kwangju 

uprising is likely to be maternal psychological stress. Although the incident was highly 

violent, the vast majority of the citizens and almost all pregnant women were physically 

unaffected. The primary targets of the brutal assault of martial law troops were young males. 

A number of public buildings (including a broadcasting company, the provincial office, and 

police stations) were burnt or destroyed, but the majority of residential and commercial 

buildings were untouched. Provisions of foods and public utilities (including water and 

electricity) were uninterrupted.  

Finally, the duration of potential exposure to maternal stress was brief: only 10 days 

between May 18 and May 27 in 1980. Shortly after the Citizen Army rebellion was crushed 

by the government troops at the provincial office on May 27, the uprising ended abruptly. On 

the surface, the city resumed its ordinary life only in a few days.3 A few politicians, activists, 

and students were arrested and jailed on the accusation of instigating the uprising. The agony 

and anger of the Kwangju citizens continued as they were often treated as “mobsters” or 

“communist spies.” Nevertheless, the direct exposure to intense violence lasted about 10 days. 

 

4. Data and Methods 

 

We hypothesize that maternal stress negatively affected the fetal health of the 

children, and that the impact of the adverse early-life shock even transmitted to the health of 

the next generation. More specifically, we suspect that maternal stress during pregnancy from 

the Kwangju uprising adversely affected the birth outcomes of the mother’s grandchildren. 

The first step of the research is to select the female birth cohorts who were exposed to 

maternal stress caused by the Kwangju uprising. We assume that individuals whose mother 
                                           

3A testimony of a factory worker, Jung Hee Lee, shows her company (Homan Electric Co. located in 
Kwangju) resumed normal operation from the beginning of June (Jung Woo Lee 2012, p. 130). 
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resided in Kwangju in May 1980 and who were born between June 1980 and February 1981 

were exposed to the violence in utero. We do not regard persons born during and shortly after 

the incident (May 18 to 31) as “treated,” because their births could be negatively influenced 

by the chaotic conditions of hospitals in Kwangju during the uprising as well as maternal 

stress.4 

To study the intergenerational transmission of maternal stress caused by the violence 

during the Kwangju uprising, the following difference-in-difference model is employed in the 

regression analyses: 

 

(1)  iiiiiiiii XYOBYOBYOBSSIIy edgggbbba ++++++´++= 3
3

2
21321 )( ,  

 

where y denotes birth outcomes, I is the dummy variable that identifies a mother as in utero 

between June 1980 and February 1981, S is the dummy variable that indicates whether the 

child was born in the city of Kwangju, YOB stands for the mother’s year of birth, and X 

represents other characteristics of the child and parents that potentially influence birth 

outcomes, including year of birth, sex, multiple births, and parents’ education and occupation.  

The data used in this study are micro files of the 2000 and 2002 Vital Statistics for 

birth in Korea. These data contain the universe of the digitalized birth registration records for 

all children born in the given years, which provide information on the characteristics of the 

parents and the newborn babies. The variables offered by the data include the child’s sex, 

place of birth, date of birth, length of gestation (in week), birth weight, and age, education, 

and occupation of the parents. The micro files of the data are available from 1991 (although 

birth weight was only reported beginning in 1993), but the exact birth dates of the parents are 

reported only in the 2000 and 2002 micro data. The data for the other years only provide the 

ages of the parents at the time of registration. For the years except 2000 and 2002, thus, 

accurately identifying the year and month of birth is difficult. Only the birth records of 

children born in 2000 or 2002 are utilized in this study due to this data feature. 

Variables on birth outcomes available from the Korean Vital Statistics are birth 

                                           

4Medical facilities in the city of Kwangju and its vicinity were similar to wartime field hospitals. 
Emergency rooms, regular wards, and even hospital corridors were full of wounded citizens and 
soldiers. Some physicians and nurses were mobilized by martial law troops to inspect dead bodies 
(Jung Woo Lee 2012, pp. 231–238). 
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weight and the length of gestation. In addition to these measures, we also consider if the birth 

weight is lower than 2.5 kg (referred to as low birth weight, or LBW) and if the length of 

gestation is less than 37 weeks (referred to as preterm birth). A voluminous literature has 

established that low birth weight has persistent adverse effects on health and socioeconomic 

outcomes over the life cycle (Currie and Hyson 1999; Behrman and Rosenzweig 2004; Black, 

Devereux, and Salvanes 2007; Currie and Moretti 2007). For example, Black, Devereux, and 

Salvanes (2007) analyzed Norwegian twins and found that LBW has long-run adverse effects 

on adult height, IQ, earnings, and education. Currie and Moretti (2007) stated that LBW 

among individuals born in California has modest but statistically significant negative effects 

on educational attainment and the probability of living in a wealthy neighborhood. 

Several drawbacks of the data used in this study limit the scope and quality of the 

study. First, neither the place of residence of the grandmother in May 1980 nor the birthplace 

of the mother is reported in the Vital Statistics. Thus, the actual birthplace of the mother 

cannot be identified from the data, and we cannot but use the birthplace of the child as a 

proxy for the place of residence of the grandmother or the birthplace of the mother 20 years 

earlier.  

If geographic migrations are considered, some of the young women who gave birth 

in Kwangju in the early 2000s were born elsewhere. This type of measurement error results in 

downward bias in the estimated effect of exposure to the Kwangju uprising, which confirms 

the negative effects of in utero exposure to the incident. If either of the following two 

assumptions is satisfied, the measurement error in the birthplace of the mother is not a serious 

problem in the context of this study: (1) Selections in migrations out of and into Kwangju 

from 1980 to the early 2000s are not correlated to in utero exposure to the Kwangju uprising, 

or (2) female out-migrants born in Kwangju between June 1980 and February 1981 are not 

more positively selected than those born in Kwangju just before or after the period. This 

potential bias problem arising from geographic mobility is discussed in section 6.  

Second, the cohorts who were in utero during the 1980 Kwangju uprising and who 

were included in the 2000 and 2002 birth records were aged 20 to 22 years at the time of 

delivery. Given that the average age of marriage and first birth in the early 2000s was the late 

20s, available data allow us to examine the birth outcomes of children born to a selected 

group of mothers who gave birth at a relatively young age. We make comparisons among 

children whose mothers gave birth to them at almost the same age. However, we cannot 
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preclude the possibility that the results are peculiar to women who gave birth at a relatively 

young age. Possible bias issues related to this drawback are addressed in section 6. 

 

5. Results 

 

If the impact of maternal stress caused by the Kwangju incident transmitted across 

two generations, the children of women who were prenatally exposed to the Kwangju 

uprising might reveal worse birth outcomes than babies whose grandmothers were not 

influenced by the incident. To verify this possibility, we compare some measures of birth 

outcomes, namely, average birth weight, probability of LBW, length of gestation, and 

probability of preterm birth, between children born in Kwangju to women born between June 

1980 and February 1981 (hereafter referred to as Kwangju grandchildren) and the rest of the 

children (non-Kwangju grandchildren). 

Figure 1 provides the average birth weight (in grams) of children grouped according 

to the year and month of birth of the mother (classified into five nine-month intervals) for the 

entire nation and for Kwangju. Kwangju grandchildren weigh notably less at birth than the 

other grandchildren of women who born between the end of 1978 and early 1982. The 

disadvantage of having a mother who spent a part of the prenatal period during the Kwangju 

uprising is observed only among those born in Kwangju. Kwangju grandchildren faced a 

higher risk of LBW than babies whose grandmother did not experience the violent incident 

(Figure 2). Babies born in Kwangju between December 1978 and August 1982 had a slightly 

shorter length of gestation than the national average, but the disadvantage of birth in 

Kwangju is particularly greater among babies whose mothers experienced the Kwangju 

incidence while in utero (Figure 3). For the risk of preterm birth, the disadvantage of the 

Kwangju grandchildren is less clearly revealed (Figure 4). 

Ordinary least squares regressions for birth weight and gestation period are 

conducted according to the difference-in-difference model of Equation (1). If the exposure of 

a pregnant woman to the Kwangju uprising negatively affected the birth outcomes of their 

grandchildren, then the coefficient of the interaction between the dummy variable for birth in 

Kwangju (B_Kwangju) and that for having a mother born between June 1980 and February 

1981 (B_Jun80-Feb81) should be negative.  

In the baseline model (Column 1), polynomial terms of the year of birth of the 
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mother (YOB, YOB2, and YOB3) are included to consider long-term changes in birth weight 

across birth cohorts. The variables of key determinants of birth weight, such as year of birth 

(year 2002, omitted category is year 2000), sex of the child (male), multiple birth (twins or 

triplets), and parity order (second, third or higher), are also included. In the second model 

(Column 2), the variables of the educational attainment and occupation of the mother are 

added. Schooling is classified into four categories: (1) middle school or lower, (2) high 

school, (3) college or higher, and (4) education unknown. Occupation is classified into eight 

categories: (1) professional (2) clerical job, (3) service and sales, (4) farming, (5) skilled, (6) 

unskilled, (7) not working, and (8) occupation unknown. In the final model (Column 3), the 

variables of the socioeconomic status of the father and mother are included.  

The regression results for birth weight are reported in Table 1. The prenatal exposure 

of the mother to the Kwangju uprising reduced the offspring birth weight. The coefficient for 

the interaction term (B_Kwangju*B_Jun80-Feb81) is negative and marginally significant (p-

value = 0.0524). The magnitude of the coefficient suggests that the average birth weight of 

Kwangju grandchildren is lower than that of non-Kwangju grandchildren by about 56 grams, 

controlling for the year of birth of the mother and some key birth characteristics. Adding 

parental socioeconomic characteristics does not significantly change the result. The 

coefficient for the interaction term is marginally changed in terms of magnitude (about 57 

grams), and becomes slightly more significant (p-value = 0.046). 

The year of birth of the mother is negatively related to birth weight. Given that the 

analysis is based on the 2000 and 2002 birth records, it perhaps captures the effect of early-

age delivery. The effects of birth characteristics and parental socioeconomic status (SES) 

show largely anticipated signs. Boys are heavier at birth than girls. Multiple births reduce 

birth weight, and higher-parity children are heavier at birth. Parental education is positively 

related to birth weight. The quality of parental occupation is not perfectly matched with 

offspring birth weight. For example, children of professional mothers are significantly lighter 

than those of non-working mothers and mothers with clerical, service/sales, or skilled jobs. 

Similarly, children of fathers with clerical or service/sales jobs are heavier at birth than those 

of fathers with professional jobs.  

Table 2 reports the regression results for the length of gestation. The in utero 

exposure of the mother to the Kwangju uprising had a significantly negative effect on the 

gestation period of the child, although the magnitude was rather small: The length of 
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gestation of Kwangju grandchildren was about 2.3 days shorter than that of non-Kwangju 

grandchildren, with the year of birth of the mother and some key birth characteristics held 

constant. As with birth weight, adding parental SES does not change the magnitude and 

statistical significance of the coefficient for the interaction term. 

The year of birth of the mother is negatively associated with the length of gestation, 

which perhaps reflects the effect of early-age pregnancy, as in the case of birth weight. 

Length of gestation for multiple births is much shorter than that for singleton babies. 

Differences in the length of gestation according to parental SES are small in magnitude. 

Tables 3 and 4 present the results of linear probability model estimations of how the 

in utero exposure of the mother to the Kwangju uprising influenced the risks of low birth 

weight (i.e., under 2.5 kg) and pre-term birth (i.e., gestation period shorter than 37 weeks). 

Maternal exposure to stress in pregnancy not only reduces the average birth weight of the 

grandchildren, but also increases the probability that they are born with LBW. With parental 

SES controlled for, Kwangju grandchildren were about 2.4% more likely to have LBW than 

non-Kwangju grandchildren, and the difference is marginally significant (p-value = 0.0511). 

Similarly, the grandchildren of women who experienced the Kwangju massacre during 

pregnancy were at a higher risk of preterm birth, although the effect misses statistical 

significance (p-value = 0.2392). Again, three different specifications (columns 1 to 3 in 

Tables 3 and 4) yield virtually the same results.  

The impact of exposure to maternal stress could differ by stage of pregnancy when 

the shock is received. To verify this possibility, children born to mothers exposed to the 

Kwangju uprising in utero are classified into three groups, depending on which trimester of 

pregnancy their mothers experienced the event. For example, mothers born between 

December 1980 and February 1981 were in the first trimester when the Kwangju uprising 

occurred. Similarly, those born between September 1980 and November 1980 and between 

June 1980 and August 1980 were exposed to the Kwangju incident when they were in the 

second and third trimesters, respectively.  

In the new regression equations, three dummy variables of the month or year of birth 

of the mothers corresponding to the three groups (B_Dec80-Feb81, B_Sep80-Nov80, and 

B_Jun80-Aug80) and their interactions with the dummy variable for birth in Kwangju 

(B_Kwangju) are included, replacing B_Jun80-Feb81 and B_Kwangju*B_Jun80-Feb81. 

Other control variables of the year of birth of the mother, birth characteristics, and parental 
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SES are also included. 

Table 5 shows how the in utero exposure of the mother to the Kwangju incident in 

each trimester affects offspring birth weight. In utero exposure to stress during the second 

trimester exerted the strongest negative effect on offspring birth weight, diminishing birth 

weight by 102 grams (p-value = 0.0348). Maternal exposure to stress during the first and final 

trimesters also reduces the birth weight of the grandchildren, but the effects are statistically 

insignificant and smaller in magnitude (39 and 23 grams, respectively). The results remain 

unchanged if parental SES is controlled for.  

Table 6 presents the estimated effect of the in utero exposure of the mother to the 

Kwangju incident in each trimester on the offspring length of gestation. In contrast to birth 

weight, prenatal exposure of the mother to stress during the second and third trimesters has 

equally strong negative effects on the offspring length of gestation, reducing the length of 

gestation by slightly more than half a week (p-values = 0.0011 and 0.0026, respectively). 

Again, adding parental SES does not change the results. 

Similar regression analyses are conducted for the probabilities of low birth weight 

and preterm birth, in linear probability models (Tables 7 and 8). Maternal exposure to stress 

during the second trimester of pregnancy is particularly harmful for offspring birth outcomes. 

Consistent with the results for average birth weight (Table 5), maternal exposure to the 

Kwangju uprising during the second trimester of pregnancy (birth of the mother between 

September and November 1980) strongly increases the probability that the child weighs less 

than 2.5 kg at birth. The magnitude of the coefficient for the interaction term (0.0398 in 

Column 3 of Table 7) is much larger than the result for the entire period of pregnancy (0.0235 

in Column 3 of Table 3). Prenatal exposure of the mother to stress during the first and third 

trimesters also increases the risk of LBW, but the effects are not statistically significant.  

For offspring preterm birth, the second trimester also stands out as the most critical 

period. The probability of preterm birth is significantly increased by maternal exposure to the 

Kwangju uprising only during the second trimester of pregnancy (Table 8). Compared with 

the results of regressions of the influences of exposure through the entire pregnancy (Column 

3 of Table 4), the coefficient for the interaction term (Column 3) has much a larger magnitude 

(0.0459 versus 0.149) and statistically more significant (p-value of 0.0341 versus 0.2392). 

This contrast is partly explained by the fact that maternal exposure during the first trimester 

of pregnancy actually decreases the risk of preterm birth, although the estimated coefficient is 
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statistically insignificant.  

Whether the intergenerational consequences of the in utero exposure of the mother to 

the Kwangju uprising differs by offspring gender is also examined by separate regression 

analyses for boys and girls. Table 9 provides the results of how the prenatal exposure of the 

mother to stress during the entire pregnancy (Panel A) and during a particular trimester of 

pregnancy (Panel B) affected the four birth outcomes of her child. Results in Panel A suggest 

that the overall effects of the in utero exposure of the mother to the Kwangju uprising are 

stronger for boys than for girls. The estimated coefficients for girls are smaller in absolute 

magnitude and largely insignificant (marginally significant only for the length of gestation; 

column 3) than those for boys. 

The results in Panel B further suggest that the mechanism by which maternal stress in 

pregnancy transmitted across generations might be different between sons and daughters. For 

boys, the in utero exposure of the mother to the Kwangju uprising during the second trimester 

had a particularly strong negative effect on all birth outcomes, especially on the length of 

gestation and probability of preterm birth. In sharp contrast, maternal stress received in the 

first trimester had a particularly strong adverse effect on birth weight and risk of LBW for 

girls. This effect is not mediated by the reduced length of gestation. Length of gestation and 

probability of preterm birth for girls are not negatively influenced by the exposure of their 

mothers to prenatal stress.  

 

6. Discussion 

 

Robustness  

Several robustness checks are performed. First, to compare mothers with similar year 

of birth, the children of women born between 1975 and 1985 are included in regressions, 

excluding the children of mothers who are much older or younger than the cohort who 

experienced the Kwangju uprising in utero (Panel A of Table 10). The results for birth weight, 

LBW, and preterm birth are practically the same as the baseline regression based on the full 

sample of babies in terms of the magnitude and statistical significance of each of the 

estimated coefficients (Columns 1, 2, and 3). For length of gestation, the result also does not 

change significantly, although the absolute magnitudes of the coefficients for the interaction 

terms are slightly smaller than those obtained from the baseline regressions. 
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Second, only babies born in the six metropolitan cities (i.e., Seoul, Busan, Incheon, 

Daejeon, Daegu, and Kwangju) are included in regression analyses to make comparisons 

across mothers living under similar conditions (e.g., similar medical facilities and ecological 

environment) (Panel B of Table 10). For all four measures of birth outcomes, regression 

results based on the urban sample are remarkably similar to the results from the whole sample. 

Third, children born in counties adjacent to Kwangju are included in the treated 

group along with those born in Kwangju to consider the potential spillover effects of the 

uprising (Panel C of Table 10). Although major clashes between martial law troops and 

citizens occurred in Kwangju, neighboring areas could have been affected by the uprising to 

some extent. After retreating from the city on May 21, 1980, the government army stationed 

and regrouped in the outskirts of the city while attempting to prevent the democratic 

movement from spreading to wider areas by blockading the major routes connecting 

Kwangju and nearby towns. Violent incidents took place outside Kwangju, such as the 

shooting and killing of children who were misidentified as escaping demonstrators. 

Regression results show that the prenatal exposure of the mother to the Kwangju uprising 

during the second trimester of pregnancy had significantly negative effects on birth outcomes. 

However, the overall effects are weaker than those of the baseline results, in which only the 

children born in Kwangju are regarded as treated.  

Finally, children born anywhere in Chonnam Province are regarded as treated by the 

Kwangju incident. Kwangju and Chonnam residents probably share similar political, social, 

and cultural backgrounds, although they differ in terms of the extent of urbanization. In 

particular, the entire region supported Former President Kim Dae Jung and most actively 

protested against the military regime that emerged in 1980. The purpose of the final 

robustness check is to determine if the negative effect of having a mother born between June 

1980 and February 1981 captures the influences of exposure to the violence during the 

Kwangju uprising or the effects of the political oppression of the military regime during the 

period that were felt by a larger population in the region. Regression results do not support 

this conjecture (Panel D). The coefficients for the interaction terms are statistically 

insignificant. The negative effect of maternal exposure to the Kwangju uprising is likely to 

reflect the negative intergenerational effects of stress caused by the first-hand experience of 
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the violent event.5  

 

Potential Bias Problems 

 A critical weakness of the data used in this study is that the birthplace of the parent is 

not reported. The place of residence of women in the sample at the time of giving birth must 

be an inaccurate proxy for their birthplace because of geographic mobility. The direction and 

magnitude of potential bias arising from the problem depend on the extent and pattern of 

migrations from and to Kwangju.  

Table 11 presents two types of statistics computed from the 2% sample of the 2000 

census providing the magnitude and pattern of geographic mobility of female birth cohorts 

born around 1980 (those aged 18 to 22 years in 2000) from their birth to 2000. The first 

column shows where Kwangju natives were located in 2000. The second column gives the 

birthplaces of the same female cohorts residing in Kwangju in 2000. Both columns suggest 

considerably high geographic mobility. Nearly half of the women born in Kwangju had 

remained in Kwangju or adjacent counties by 2000, and about an equal proportion had moved 

out of the Chonnam Province (Column 1 of Table 11). Of the Kwangju female citizens aged 

18 to 22 years in 2000, 20% were Kwangju natives, another 20% came from adjacent 

counties, 40% from other Chonnam areas, and the remaining 20% from other provinces 

(Column 2 of Table 11).  

The considerably high geographic mobility must lead to a misidentification of treated 

persons. That is, the newly born regarded as the treated group in this study include both the 

children of women actually exposed to the Kwangju uprising while in utero and the children 

of those who were born elsewhere and migrated to Kwangju. As noted above, any negative 

effects of the Kwangju uprising were likely limited to those who were directly exposed to the 

incident. This conjecture is consistent with the result that the adverse intergenerational effects 

of the Kwangju uprising become weaker or disappear if children born in counties adjacent to 

Kwangju or in other places within Chonnam Province are added to the treated group. If this 

type of bias is considered, we suspect that the actual negative effects of in utero exposure to 

                                           

5This finding is confirmed by the results of additional regressions not reported in this study, where 
only the birth records of those born in Kwangju or Chonnam Province, which surrounds Kwangju, are 
considered. Overall, the results based on the Kwangju and Chonnam samples are similar to those of 
baseline regressions, although the effect on birth weight is somewhat less significant, implying that 
the experiences of Kwangju citizens should be different from those of Chonnam residents.  
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the Kwangju uprising on offspring birth outcomes might be even more serious than suggested 

by the results of this study. 

Another possible concern related to geographic mobility is that the results of this 

study (i.e., worse birth outcomes of children born in Kwangju to mothers who were in utero 

during the Kwangju uprising) might be attributed to the consequences of selective migration. 

As difference-in-difference estimation is employed and the socioeconomic characteristics of 

parents (i.e., education and occupation) are controlled for, the so-called “selective migration 

story” is plausible if the following condition holds: the selection of Kwangju residents around 

2000 out of all women born in Kwangju was discontinuously negative for the cohort born 

between June 1980 and February 1981 in terms of unobservable personal characteristics.  

Although the validity of the selective migration story is difficult to examine directly, 

some circumstantial evidence can be offered based on the micro-sample of the 2000 census. 

Using a sample of women born in Kwangju aged 18 to 22 years in 2000, the following 

difference-in-difference regressions were conducted to determine if educational attainment as 

of 2000 was significantly lower for Kwangju citizens born in 1980. 

 

(2)  iiiiiiii AGEAGEKKIIE eggbbba ++++´++= 2
21321 )( , 

 

where E denotes educational attainment (dummy variables for no high school diploma and 

for entering college), I denotes the dummy variable for women born in 1980 (Born in 1980: a 

proxy variable for being in utero during the Kwangju uprising), K is the dummy variable for 

whether the woman lived in Kwangju in 2000 (Kwangju in 2000), and AGE stands for the 

age of the woman in 2000. The results of logistic regressions (Table 12) suggest out-migrants 

from Kwangju were positively selected (as shown by the estimated coefficient β3), but 

migrant selections were not significantly different between the 1980 birth cohort and 

neighboring cohorts (as indicated by the estimated coefficient β2). 

Selective marriage is another possible source of bias. As only the 2000 and 2002 

Vital Statistics on birth provide information on the dates of birth of parents, the empirical 

analyses above were restricted to babies born to relatively young mothers. Mothers exposed 

to the Kwangju uprising while in utero were in their early 20s at the time of giving birth. If 

only selected women married early and selections in marriage among young women were 

discontinuously negative for those who were in utero during the Kwangju uprising, the 
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results of this study regarding the intergenerational impact of prenatal exposure to stress 

could be explained by selective marriage.  

To examine if this selective marriage hypothesis is plausible, difference-in-difference 

regressions were performed employing similar methods used for those conducted regarding 

selective migration. Based on the sample of women in the 2000 census who were born in 

either Kwangju or neighboring counties and who were aged 18 to 22 years in 2000, the 

following equation is estimated to verify if educational attainment was significantly lower for 

married women born in 1980.  

 

(3) iiiiiiii AGEAGEMMIIE eggbbba ++++´++= 2
21321 )( , 

 

where E denotes educational attainment (dummy variables for no high school diploma and 

for entering college), I denotes the dummy variable for women born in 1980 (Born in 1980: a 

proxy variable for being in utero during the Kwangju uprising), M is the dummy variable for 

the marital status of the woman (Married), and AGE stands for the age of the woman in 2000. 

The results of logistic regressions (Table 13) show that married women are less educated (as 

suggested by the estimated coefficient β3), but selections in marriage are not significantly 

different between the 1980 birth cohort and neighboring cohorts (as indicated by the 

estimated coefficient β2). Overall, circumstantial evidence suggests that the negative 

intergenerational effects of maternal stress in pregnancy are not attributable to bias problems 

related to selective migration or marriage. 

 

7. Summary and Implications 

 

This study investigated how the stress experienced by women during the 1980 

Kwangju uprising in South Korea affected the birth outcomes of their grandchildren. For this 

purpose, such measures as birth weight, length of gestation, and risks of low birth weight 

(<2.5 kg) and pre-term birth (<37 weeks) were compared between the children of mothers 

exposed to the Kwangju uprising while in utero and the children of untreated mothers 

through the difference-in-difference method. 

The prenatal exposure of the mother to the violent incident is estimated to reduce 

offspring birth weight by 56 grams, and increase the probability of LBW by 2.4%. Similarly, 
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the length of gestation of treated children was about 2.3 days shorter than that of the other 

children.  

The impact of exposure to maternal stress varied with the stage of pregnancy when 

stress was received. The in utero exposure of the mother to stress during the second trimester 

exerted the strongest adverse effect on offspring birth outcomes, reducing birth weight and 

length of gestation by 102 grams and 3.8 days, respectively, and increasing the probability of 

LBW and preterm birth by 3.9% and 4.8%, respectively. The offspring length of gestation is 

also significantly diminished by the prenatal exposure of the mother to stress during the third 

trimester. The intergenerational effects of exposure to stress in pregnancy were stronger for 

boys than for girls. 

The results of the analyses do not change considerably if the sample is limited to the 

children of mothers of similar ages (i.e., born between 1975 and 1985). The estimated 

intergenerational effects of maternal stress become greater in magnitude if the sample is 

limited to those born in the six largest cities in South Korea. If the treated group is extended 

to children born in counties adjacent to Kwangju or to those born in the Chonnam Province, 

the intergenerational effects of the prenatal exposure of the mother to the Kwangju uprising 

weaken or disappear, which suggests that the negative effect of maternal exposure to the 

Kwangju uprising reflects the effects of the stress caused by the first-hand experience of the 

violent event. It is unlikely that the negative intergenerational effects of maternal stress in 

pregnancy are caused by bias problems related to selective migration or marriage. 

Regarding the health consequences of exposure to stress, a traumatic experience can 

have a lasting impact on the life of a person even if he or she is physically unaffected. These 

invisible scars are often ignored when assessing the severity of a disastrous event. In the case 

of the Kwangju uprising, only about 4,000 dead, missing, injured, and detained people are 

regarded as its victims, and eligible to receive compensation for their losses. In reality, 

however, a much larger fraction of Kwangju citizens of the time must have been victimized 

by the violence. 

As noted above, preterm birth and LBW are related to poor health and 

socioeconomic performance over the life cycle. Thus, maternal stress in pregnancy not only 

harms the well-being of mother and child, but also incurs economic cost. The finding that the 

adverse effects of maternal stress in pregnancy transmit across generations suggests that, if 

intergenerational consequences are considered, the economic cost of a traumatic event or 
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stressful circumstance could be larger than suggested by an estimate obtained through short-

term consideration. This leads to another policy implication: the long-run potential benefits of 

efforts to prevent children or pregnant women from being exposed to stressful events or 

environments are greater than conventionally believed. 
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Table 1 
Mother’s In-Utero Exposure to the Kwangju Uprising and Offspring Birth Weight (in grams) 

  
Mean 

(1) (2) (3) 
∂y/∂x P-value ∂y/∂x P-value ∂y/∂x P-value 

Intercept  4703.66 <.0001 4482.02 <.0001 4529.45 <.0001 
Mother’s place & timing of birth        

B_KWANGJU 0.03259 5.18 0.0252 3.54 0.1265 2.58 0.2655 
B_KWANGJU*B_Jun80-Feb81 0.00021 -55.68 0.0524 -57.39 0.0454 -57.23 0.0460 
B_Jun80-Feb81 0.00607 -15.25 0.0071 -16.22 0.0042 -15.93 0.0049 
Mother YOB 71.6 -105.115 0.0002 -88.35 0.0020 -87.84 0.0021 
Mother YOB2 5144.7 2.05 <.0001 1.71 <.0001 1.66 <.0001 
Mother YOB3 370645.7 -0.01 <.0001 -0.01 <.0001 -0.01 <.0001 

Characteristics of Birth        
Year 2002 0.43653 14.57 <.0001 13.08 <.0001 13.27 <.0001 
Male 0.52389 101.18 <.0001 101.12 <.0001 101.11 <.0001 
Twins 0.01793 -844.47 <.0001 -834.92 <.0001 -835.41 <.0001 
Triplets 0.00017 -1214.82 <.0001 -1212.28 <.0001 -1212.28 <.0001 
Birth parity: second 0.41977 14.83 <.0001 16.79 <.0001 16.56 <.0001 
Birth parity: third or higher 0.09843 72.67 <.0001 78.15 <.0001 78.59 <.0001 

Mother’s SES        
Mother Middle school or less 0.03731   -42.73 <.0001 -28.19 <.0001 
Mother High school 0.55457   NI  NI  
Mother college or higher 0.40549   10.30 <.0001 2.17 0.0387 
Mother’s education unknown 0.00263   -156.47 <.0001 -120.04 <.0001 
Mother Professional job 0.04831   -3.52 0.0750 -5.31 0.0080 
Mother Clerical job 0.06670   11.92 <.0001 9.54 <.0001 
Mother Service/Sales 0.01336   7.62 0.0332 6.83 0.0582 
Mother Farming 0.00594   -11.02 0.0397 1.68 0.7720 
Mother Skilled job 0.00265   6.72 0.3986 9.70 0.2239 
Mother Unskilled job 0.00188   -13.28 0.1601 -8.51 0.3681 
Mother Not working 0.84368   NI  NI  
Mother Occupation unknown 0.00628   -28.88 <.0001 -23.54 0.0001 

Father’s SES        
Father Middle school or less 0.04728     -20.53 <.0001 
Father High school 0.44835     NI  
Father college or higher 0.49977     12.12 <.0001 
Father’s education unknown 0.00460     -79.30 <.0001 
Father Professional job 0.17894     -0.20 0.8683 
Father Clerical job 0.34924     NI  
Father Service/Sales 0.13535     2.52 0.0652 
Father Farming 0.03093     -12.21 <.0001 
Father Skilled job 0.08688     -5.64 0.0004 
Father Unskilled job 0.06344     -7.60 <.0001 
Father Not working 0.06096     -6.62 0.0002 
Father Occupation unknown 0.00823     -9.97 0.1076 
R-square 0.0762 0.0769 0.0774 
F-value 7779.35  4262.15 2947.53 
P-value    <.0001      <.0001 <.0001 

Source: Micro data on the Korean Vital Statistics (Birth) for 2000 and 2002. 
Note: The number of observation is 1,124,848. The dependent mean is 3262.142 grams. NI denotes the omitted 
category (control group). 
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Table 2 
Mother’s In-Utero Exposure to the Kwangju Uprising and the Length of Gestation (in weeks) 

  
Mean 

(1) (2) (3) 
∂y/∂x P-value ∂y/∂x P-value ∂y/∂x P-value 

Intercept  72.542 <.0001 72.435 <.0001 72.745 <.0001 
Mother’s place & timing of birth        

B_KWANGJU 0.03259 -0.078 <.0001 -0.080 <.0001 -0.082 <.0001 
B_KWANGJU*B_Jun80-Feb81  0.00021 -0.327 0.0008 -0.328 0.0007 -0.327 0.0008 
B_Jun80-Feb81 0.00607 0.022 0.2437 0.022 0.2484 0.022 0.2528 
Mother YOB 71.6 -1.573 <.0001 -1.562 <.0001 -1.573 <.0001 
Mother YOB2 5144.7 0.024 <.0001 0.024 <.0001 0.024 <.0001 
Mother YOB3 370645.7 -0.000 <.0001 -0.000 <.0001 -0.000 <.0001 

Characteristics of Birth        
Year 2002 0.43653 -0.149 <.0001 -0.153 <.0001 -0.152 <.0001 
Male 0.52389 -0.106 <.0001 -0.106 <.0001 -0.106 <.0001 
Twins 0.01793 -2.635 <.0001 -2.636 <.0001 -2.637 <.0001 
Triplets 0.00017 -5.010 <.0001 -5.009 <.0001 -5.006 <.0001 
Birth parity: second 0.41977 -0.308 <.0001 -0.304 <.0001 -0.304 <.0001 
Birth parity: third or higher 0.09843 -0.150 <.0001 -0.142 <.0001 -0.142 <.0001 

Mother’s SES        
Mother Middle school or less 0.03731   -0.021 0.0054 -0.011 0.1798 
Mother High school 0.55457   NI  NI  
Mother college or higher 0.40549   0.027 <.0001 0.010 0.0058 
Mother’s education unknown 0.00263   0.049 0.2280 0.084 0.0469 
Mother Professional job 0.04831   -0.024 0.0004 -0.026 0.0002 
Mother Clerical job 0.06670   0.023 <.0001 0.018 0.0015 
Mother Service/Sales 0.01336   -0.012 0.3108 -0.017 0.1693 
Mother Farming 0.00594   0.068 0.0002 0.062 0.0018 
Mother Skilled job 0.00265   0.008 0.7665 0.021 0.4309 
Mother Unskilled job 0.00188   -0.063 0.0495 -0.051 0.1121 
Mother Not working 0.84368   NI  NI  
Mother Occupation unknown 0.00628   0.034 0.0906 0.040 0.0562 

Father’s SES        
Father Middle school or less 0.04728     0.001 0.8589 
Father High school 0.44835     NI  
Father college or higher 0.49977     0.026 <.0001 
Father’s education unknown 0.00460     -0.093 0.0026 
Father Professional job 0.17894     -0.005 0.1784 
Father Clerical job 0.34924     NI  
Father Service/Sales 0.13535     0.008 0.0946 
Father Farming 0.03093     0.004 0.6764 
Father Skilled job 0.08688     -0.032 <.0001 
Father Unskilled job 0.06344     -0.028 <.0001 
Father Not working 0.06096     0.003 0.6158 
Father Occupation unknown 0.00823     -0.024 0.2670 
R-square 0.0752       0.0753 0.0754 
F-value  7513.56    4160.02 2865.59 
P-value <.0001       <.0001 <.0001 

Source: Micro data on the Korean Vital Statistics (Birth) for 2000 and 2002. 
Note: The number of observation is 1,124,848. The dependent mean is 39.175 weeks. NI denotes the omitted 
category (control group). 
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Table 3 
Mother’s In-Utero Exposure to the Kwangju Uprising and Offspring Low Birth Weight (< 2.5kg) 

  
Mean 

(1) (2) (3) 
∂y/∂x P-value ∂y/∂x P-value ∂y/∂x P-value 

Intercept  -1.5944 <.0001 -1.5484 <.0001 -1.5616 <.0001 
B_KWANGJU 0.032591 -0.0008 0.3987 -0.0001 0.9547 0.0002 0.8123 
B_KWANGJU*B_Jun80-Feb81  0.000067 0.0231 0.0558 0.0236 0.0501 0.0235 0.0511 
B_Jun80-Feb81 0.001949 -0.0019 0.4254 -0.0016 0.5052 -0.0017 0.4841 
Mother YOB, YOB2,YOB3  Yes Yes Yes 
Characteristics of Birth  Yes Yes Yes 
Mother’s SES  No Yes Yes 
Father’s SES  No No Yes 

R-square 0.1059 0.1066 0.1068 
F-value 11103.6  6099.59 4204.38 
P-value    <.0001      <.0001 <.0001 

Source: Micro data on the Korean Vital Statistics (Birth) for 2000 and 2002. 
Note: The number of observation is 1,124,848. The dependent mean is 0.0388. The same independent variables 
used in the regressions presented in Table 1 are included. 

 
 
 
 

Table 4 
Mother’s In-Utero Exposure to the Kwangju Uprising and Offspring Preterm Birth (< 37 weeks) 

  
Mean 

(1) (2) (3) 
∂y/∂x P-value ∂y/∂x P-value ∂y/∂x P-value 

Intercept  -2.4796 <.0001 -2.4384 <.0001 -2.4497 <.0001 
B_KWANGJU 0.032591 0.0019 0.0680 0.0023 0.0264 0.0025 0.0159 
B_KWANGJU*B_Jun80-Feb81  0.000067 0.0145 0.2522 0.0149 0.2393 0.0149 0.2392 
B_Jun80-Feb81 0.001949 0.0004 0.8582 0.0007 0.7928 0.0006 0.8049 
Mother YOB, YOB2,YOB3  Yes Yes Yes 
Characteristics of Birth  Yes Yes Yes 
Mother’s SES  No Yes Yes 
Father’s SES  No No Yes 

R-square 0.0612 0.0614 0.0615 
F-value 6101.78  3339.39 2299.43 
P-value    <.0001      <.0001 <.0001 

Source: Micro data on the Korean Vital Statistics (Birth) for 2000 and 2002. 
Note: The number of observation is 1,124,848. The dependent mean is 0.0406. The same independent variables 
used in the regressions presented in Table 2 are included. 
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Table 5 
Mother’s In-Utero Exposure to the Kwangju Uprising and Offspring Birth Weight by Stage of Pregnancy  

  
Mean 

(1) (2) (3) 
∂y/∂x P-value ∂y/∂x P-value ∂y/∂x P-value 

Intercept  4676.21 <.0001 4450.92 <.0001 4496.94 <.0001 
B_KWANGJU 0.032591 5.18 0.0252 3.54 0.1266 2.58 0.2657 
B_KWANGJU*B_Dec80-Feb81 0.000067 -38.99 0.4425 -41.02 0.4190 -37.37 0.4615 
B_KWANGJU*B_Sep80-Nov80 0.000075 -102.06 0.0348 102.97 0.0331 -103.97 0.0314 
B_KWANGJU*B_Jun80-Aug80 0.000070 -22.96 0.6446 -25.20 0.6124 -27.14 0.5853 
B_Dec80-Feb81 0.001949 -26.61 0.0061 -28.96 0.0028 -29.36 0.0025 
B_Sep80-Nov80 0.002019 -5.81 0.5380 -6.36 0.5003 -5.98 0.5264 
B_Jun80-Aug80 0.002105 -14.08 0.1275 -14.23 0.1236 -13.41 0.1465 
Mother YOB, YOB2,YOB3  Yes Yes Yes 
Characteristics of Birth  Yes Yes Yes 
Mother’s SES  No Yes Yes 
Father’s SES  No No Yes 

R-square 0.0762 0.0770 0.0774 
F-value 5797.24  3606.59 2620.14 
P-value    <.0001      <.0001 <.0001 

Source: Micro data on the Korean Vital Statistics (Birth) for 2000 and 2002. 
Note: The number of observation is 1,124,848. The dependent mean is 3262.142 grams. The same independent 
variables used in the regressions presented in Table 1 are included. 
 
 
 
 

Table 6 
Mother’s In-Utero Exposure to the Kwangju Uprising and Offspring Length of Gestation by Stage of Pregnancy  
  

Mean 
(1) (2) (3) 

∂y/∂x P-value ∂y/∂x P-value ∂y/∂x P-value 
Intercept  72.498 <.0001 72.387 <.0001 72.695 <.0001 
B_KWANGJU 0.032591 -0.078 <.0001 -0.080 <.0001 -0.082 <.0001 
B_KWANGJU*B_Dec80-Feb81 0.000067 0.087 0.6139 0.085 0.6191 0.091 0.5941 
B_KWANGJU*B_Sep80-Nov80 0.000075 -0.537 0.0011 -0.539 0.0011 -0.539 0.0010 
B_KWANGJU*B_Jun80-Aug80 0.000070 -0.506 0.0026 -0.507 0.0026 -0.509 0.0025 
B_Dec80-Feb81 0.001949 -0.011 0.7316 -0.013 0.6945 -0.014 0.6667 
B_Sep80-Nov80 0.002019 0.067 0.0369 0.067 0.0358 0.067 0.0356 
B_Jun80-Aug80 0.002105 0.010 0.7402 0.010 0.7291 0.011 0.7172 
Mother YOB, YOB2,YOB3  Yes Yes Yes 
Characteristics of Birth  Yes Yes Yes 
Mother’s SES  No Yes Yes 
Father’s SES  No No Yes 

R-square 0.0752 0.0753 0.0775 
F-value 5710.87  3520.45 2547.52 
P-value    <.0001      <.0001 <.0001 

Source: Micro data on the Korean Vital Statistics (Birth) for 2000 and 2002. 
Note: The number of observation is 1,123,814. The dependent mean is 39.175 weeks. The same independent 
variables used in the regressions presented in Table 2 are included. 
 
 
 
 
 
 
 
 
 
 



30 

 

Table 7 
Mother’s In-Utero Exposure to the Kwangju Uprising and Offspring Low Birth Weight by Stage of Pregnancy 

  
Mean 

(1) (2) (3) 
∂y/∂x P-value ∂y/∂x P-value ∂y/∂x P-value 

Intercept  -1.6031 <.0001 -1.5557 <.0001 -1.5685 <.0001 
B_KWANGJU 0.032591 -0.0008 0.3987 -0.0001 0.9545 0.0002 0.8125 
B_KWANGJU*B_Dec80-Feb81 0.000067 0.0180 0.3984 0.0188 0.3784 0.0176 0.4102 
B_KWANGJU*B_Sep80-Nov80 0.000075 0.0392 0.0535 0.0395 0.0519 0.0398 0.0502 
B_KWANGJU*B_Jun80-Aug80 0.000070 0.0111 0.5943 0.0118 0.5724 0.0124 0.5545 
B_Dec80-Feb81 0.001949 -0.0051 0.2103 -0.0043 0.2962 -0.0041 0.3119 
B_Sep80-Nov80 0.002019 -0.0045 0.2549 -0.0044 0.2712 -0.0044 0.2595 
B_Jun80-Aug80 0.002105 0.0035 0.3700 0.0035 0.3725 0.0032 0.4074 
Mother YOB, YOB2,YOB3  Yes Yes Yes 
Characteristics of Birth  Yes Yes Yes 
Mother’s SES  No Yes Yes 
Father’s SES  No No Yes 

R-square 0.1059 0.1066 0.1068 
F-value 8327.91  5161.32 3737.32 
P-value    <.0001      <.0001 <.0001 

Source: Micro data on the Korean Vital Statistics (Birth) for 2000 and 2002. 
Note: The number of observation is 1,124,848. The dependent mean is 0.0388. The same independent variables 
used in the regressions presented in Table 1 are included. 
 
 
 
 

Table 8 
Mother’s In-Utero Exposure to the Kwangju Uprising and Offspring Preterm Birth by Stage of Pregnancy  

  
Mean 

(1) (2) (3) 
∂y/∂x P-value ∂y/∂x P-value ∂y/∂x P-value 

Intercept  -2.4041 <.0001 -2.3103 <.0001 -2.2907 <.0001 
B_KWANGJU 0.032591 0.0023 0.0293 0.0029 0.0056 0.0030 0.0035 
B_KWANGJU*B_Dec80-Feb81 0.000067 -0.0179 0.4351 -0.0145 0.5249 -0.0194 0.3932 
B_KWANGJU*B_Sep80-Nov80 0.000075 0.0467 0.0327 0.0450 0.0378 0.0459 0.0341 
B_KWANGJU*B_Jun80-Aug80 0.000070 0.0112 0.6183 0.0135 0.5458 0.0146 0.5112 
B_Dec80-Feb81 0.001949 0.0083 0.0588 0.0069 0.1135 0.0069 0.1117 
B_Sep80-Nov80 0.002019 -0.0069 0.1041 -0.0052 0.2226 -0.0050 0.2340 
B_Jun80-Aug80 0.002105 0.0003 0.9391 0.0010 0.8027 0.0005 0.9071 
Mother YOB, YOB2,YOB3  Yes Yes Yes 
Characteristics of Birth  Yes Yes Yes 
Mother’s SES  No Yes Yes 
Father’s SES  No No Yes 

R-square 0.0580 0.0770 0.0783 
F-value 4333.81  3614.39 2657.52 
P-value    <.0001      <.0001 <.0001 

Source: Micro data on the Korean Vital Statistics (Birth) for 2000 and 2002. 
Note: The number of observation is 1,123,814. The dependent mean is 0.0429. The same independent variables 
used in the regressions presented in Table 2 are included. 
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Table 9 
Mother’s In-Utero Exposure to the Kwangju Uprising and Offspring Birth Outcomes by Gender 

 (1) 
Birth Weight 

(2) 
LBW 

(3) 
Gestation 

(4) 
Preterm Birth 

 
∂y/∂x 

P- 
value 

 
∂y/∂x 

P-
value 

 
∂y/∂x 

P-
value 

 
∂y/∂x 

P- 
value 

(A) Boys         
(1)          

B_KWANGJU*B_Jun80-Feb81  -65.410 0.1190 0.0404 0.0147 -0.4205 0.0030 0.0304 0.1106 
(2)          

B_KWANGJU*B_Dec80-Feb81 83.095 0.2561 -0.0039 0.8920 0.4421 0.0725 -0.0398 0.2303 
B_KWANGJU*B_Sep80-Nov80 -112.355 0.1335 0.0563 0.0570 -0.8352 0.0011 0.1000 0.0033 
B_KWANGJU*B_Jun80-Aug80 -28.785 0.6167 0.0296 0.1925 -0.5020 0.0095 0.0238 0.3625 

         
(B) Girls         

(1)         
B_KWANGJU*B_Jun80-Feb81  -50.321 0.1987 0.0091 0.6041 -0.2450 0.0663 0.0003 0.9864 

(2)         
B_KWANGJU*B_Dec80-Feb81 -151.932 0.0553 0.0588 0.0975 -0.3751 0.1648 0.0192 0.5832 
B_KWANGJU*B_Sep80-Nov80 6.152 0.9271 0.0099 0.7432 -0.2863 0.2111 0.0130 0.6594 
B_KWANGJU*B_Jun80-Aug80 13.855 0.7847 -0.0386 0.0897 -0.0702 0.6845 -0.0397 0.0759 

Source: Micro data on the Korean Vital Statistics (Birth) for 2000 and 2002. 
Note: The number of observation is 589,247 for boys and 535,601 for girls. The dependent means for boys and 
girls are respectively 3311.68 and 3207.64 for (1); 0.0346 and 0.0434 for (2); 39.12 and 39.23 for (3); and 
0.0454 and 0.0400 for (4). The same independent variables used in the regressions presented in the column 3 of 
Table 1 are included. 
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Table 10 
Mother’s In-Utero Exposure to the Kwangju Uprising and Offspring Birth Outcomes: Robustness Tests 

 (1) 
Birth Weight 

(2) 
LBW 

(3) 
Gestation 

(4) 
Preterm Birth 

 
∂y/∂x 

P- 
value 

 
∂y/∂x 

P-
value 

 
∂y/∂x 

P-
value 

 
∂y/∂x 

P- 
value 

(A) Sample: 1985-85 Cohorts         
(1)          

B_KWANGJU*B_Jun80-Feb81  -53.492 0.0588 0.0260 0.0275 -0.2749 0.0041 0.0143 0.2473 
(2)          

B_KWANGJU*B_Dec80-Feb81 -36.619 0.4612 0.0213 0.3038 0.1405 0.4029 -0.0212 0.3303 
B_KWANGJU*B_Sep80-Nov80 -100.145 0.0344 0.0423 0.0319 -0.4870 0.0025 0.0467 0.0249 
B_KWANGJU*B_Jun80-Aug80 -20.655 0.6715 0.0135 0.5045 -0.4546 0.0058 0.0147 0.4909 

         
(B) Sample: Six Large Cities         

(1)         
B_KWANGJU*B_Jun80-Feb81  -60.273 0.0428 0.0233 0.0621 -0.3168 0.0017 0.0177 0.1863 

(2)         
B_KWANGJU*B_Dec80-Feb81 -38.802 0.4603 0.0201 0.3623 0.0805 0.6519 -0.0144 0.5425 
B_KWANGJU*B_Sep80-Nov80 -124.765 0.0130 0.0428 0.0428 -0.5507 0.0013 0.0457 0.0434 
B_KWANGJU*B_Jun80-Aug80 -14.220 0.7830 0.0059 0.7845 -0.4561 0.0093 0.0192 0.4106 
         
(C) Treated: Adjacent Counties         

(1)          
B_KWANGJU*B_Jun80-Feb81  -26.599 0.2753 0.0085 0.4062 -0.2364 0.0042 0.0028 0.7983 

(2)          
B_KWANGJU*B_Dec80-Feb81 -11.551 0.7933 0.0137 0.4595 0.1263 0.3970 -0.0288 0.1442 
B_KWANGJU*B_Sep80-Nov80 -85.288 0.0447 0.0215 0.2295 -0.4393 0.0023 0.0339 0.0749 
B_KWANGJU*B_Jun80-Aug80 12.559 0.7542 -0.0078 0.6458 -0.3564 0.0086 0.0015 0.9355 
         
(D) Treated: Chonnam Province          

(1)         
B_KWANGJU*B_Jun80-Feb81  2.8419 0.8869 -0.0092 0.2727 -0.0192 0.7760 -0.0144 0.1064 

(2)         
B_KWANGJU*B_Dec80-Feb81 20.7254 0.5698 -0.0252 0.0997 -0.0616 0.6178 -0.0077 0.6395 
B_KWANGJU*B_Sep80-Nov80 -6.7328 0.8429 -0.0077 0.5880 0.0905 0.4312 -0.0215 0.1575 
B_KWANGJU*B_Jun80-Aug80 -4.1278 0.9011 0.0024 0.8642 0.0159 0.8874 -0.0128 0.3899 

Source: Micro data on the Korean Vital Statistics (Birth) for 2000 and 2002. 
Note: The number of observation is 239,786 for (A), 490,001 for (B), and 1,123,814 for (C) and (D). The same 
independent variables used in the regressions presented in Col. 3 of Table 1 are included. 
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Table 11 
Geographic Mobility of the Female Cohorts aged 18 to 22 in 2000 (percent) 

 Place of residence in 2000 of women 
born in Kwangju 

Place of birth of women residing in 
Kwangju in 2000 

All 
N=424 

Married in 2000 
N=15 

All 
N=887 

Married in 2000 
N=54 

Kwangju 43.6 46.7 20.9 13.0 
Neighboring Counties 3.3 6.8 19.8 22.2 

Other Chonnam Counties 6.8 13.3 41.3 44.4 
Other Provinces 46.2 33.3 18.0 20.4 

Source: The 2% micro sample of the 2000 census. 
 
 
 

 
 

Table 12 
Logistic Regression: Migration, Birth in 1980, and Schooling of Kwangju Natives Aged 18 to 22 in 2000 

  
Mean 

(1) 
No High School Diploma 

(2) 
College  

∂y/∂x P-value ∂y/∂x P-value 
Age 19.969 -2.630 <.0001 2.743 <.0001 
Age2 400.649 0.064 <.0001 -0.066 <.0001 
Kwangju in 2000 0.436 -0.035 0.1520 0.197 0.0002 
Kwangju in 2000*Born in 1980 0.099 0.044 0.6025 -0.115 0.2848 
Born in 1980 0.214 0.112 0.1567 -0.025 0.7529 

-2 Log L w/o Covariates 330.986 568.539 
-2 Log L w/ Covariates 161.023 503.117 
Chi-Square  169.962          65.422 
P-value           <.0001             <.0001 

Source: 2% Micro Sample of the 2000 Census. 
Note: The number of observation is 424. The dependent mean is 0.132 for (1) and 0.489 for (2).  

 
 
 
 

Table 13 
Logistic Regression: Marriage, Birth in 1980, and Schooling of Kwangju Natives Aged 18 to 22 in 2000  

  
Mean 

(1) 
No High School Diploma 

(2) 
College  

∂y/∂x P-value ∂y/∂x P-value 
Age 20.086 -2.032 <.0001 2.268 <.0001 
Age2 405.306 0.049 <.0001 -0.055 <.0001 
Married 0.061 0.201 <.0001 -0.451 0.0001 
Married*Born in 1980 0.003 -0.007 0.9490 -33.340 0.9825 
Born in 1980 0.202 0.144 0.0007 -0.084 0.1021 

-2 Log L w/o Covariates 536.583 1005.351 
-2 Log L w/ Covariates 320.882          910.942  
Chi-Square  215.701           94.409 
P-value           <.0001              <.0001 

Source: 2% Micro Sample of the 2000 Census. 
Note: The number of observation is 743. The dependent mean is 0.117 for (1) and 0.591 for (2).  
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