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Abstract

Background

Natural disasters increase the level population stress, including pregnant women, who can
experience prenatal maternal stress, affecting the fetus and triggering perinatal complica-
tions, such as low birth weight, smaller head circumference, etc. However, little is known
about effects of earthquake on perinatal outcomes.

Objective

To evaluate the effect of earthquake occurred on February 27, 2010 and perinatal outcomes
of Chilean pregnant women, and to examine these effects by timing of exposure during
pregnancy and newborn gender.

Methods

A register-based study was performed using data collected from women who had a vaginal
delivery in a large private health center in Santiago, Chile, during 2009 and 2010. The study
population was categorized according to exposure to earthquake and timing during gesta-
tion. Primary perinatal outcomes were gestational age at birth, birth weight, length and head
circumference. Analyses adjusted for gender, gestational age at exposure, parity, maternal
age and income.

Results

A total of 1,966 eligible vaginal deliveries occurred during 2009 and 2,110 in 2010. Birth
weight was not affected by the trimester of exposure; however, length, head circumference
and gestational age at birth were significantly different according to trimester of exposure
and gender of newborn. In multivariable analysis, newborns were shorter by 2 mm, 5 mm
and 4.5 mm, if they were exposed during their first, second and third trimester, respectively.
Furthermore, newborns had a smaller head circumference by 1.2 mm and 1.5 mm if they
were exposed during first and second trimester of gestation.
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Conclusion

In this cohort, exposure to the February 2010 earthquake resulted in earlier delivery and
reduced length and head circumference in the offspring. This association varied according
to trimester of exposure and fetal gender. Health workers should include exposed to high
levels of stress associated with natural disasters when assessing pregnancy risk factors.

Introduction

The landmass on which Chile is located is highly seismically active. As a result, the country has
experienced some of the world’s largest earthquakes. On February 27, 2010, a strong earthquake
occurred 500 km south of Santiago with a magnitude of VIII on the Mercalli scale (8.8 Richter).
This was the second strongest earthquake recorded in Chile [1] and the fifth largest ever
recorded worldwide. It was followed twenty minutes later by a large tsunami, which flooded
several coastal towns. Together, these natural disasters impacted the entire Chilean population,
increasing hospital admissions for both acute medical and psychological conditions.

Pregnant women are especially vulnerable to natural disasters [2]. Moreover, exposure to
such stressful events also affects the intrauterine environment and fetal development through a
process known as in utero fetal programming. Prenatal maternal stress (PNMS), produced by
exposure to natural disasters, has been associated with perinatal complications, such as low
birth weight, low Apgar scores, smaller head circumference, higher rates of premature birth
[3-12], suboptimal growth [13,14] and brain development [15]. Long-term complications
have also been described, including higher rates of metabolic diseases [16,17], mental disor-
ders, and obesity in childhood and adulthood [18,19]. It has been further suggested that the
consequence of acute intrauterine stress may vary according to the timing of exposure and
fetal gender [20,21].

Although exposure to excessive stress has long been known to affect the physical and men-
tal health of individuals adversely, little is known about the effect of earthquakes and perinatal
outcomes [3,6,9]. The aim of this study was to evaluate the effect of the earthquake, which
occurred on February 27, 2010, on perinatal outcomes of Chilean pregnant women and to
examine these effects by the timing of exposure during pregnancy and newborn gender.

Materials and methods
Study design

A register-based study was performed using demographic and routinely collected data on all
pregnancies delivered at a single large private health center in Santiago (Metropolitan Region),
Chile. This study received ethical approval from the Institutional Review Board at Clinica
Davila in Santiago. The study was conducted using retrospective and de-identified data; thus,
no patient consent was required.

Data

The database contained a total of 7,031 and 7,471 deliveries in 2009 and 2010, respectively.
Subjects were excluded if they delivered outside of the study period (February 27 to December
11) in order to evaluate similar time-periods during pregnancy. Moreover, early preterm deliv-
eries, C-sections, multiple pregnancies, and stillbirths also were excluded to avoid bias related
to other complications that could trigger the process of delivery.
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Women who delivered between February 27 and December 11, 2009, were classified as
“non-exposed”; women who delivered during the same period in 2010 were classified as
“exposed”. Women who delivered between September 6 and December 11 were categorized as
being exposed (or non-exposed) during their first trimester, from May 31 to September 5 were
regarded as being exposed (or not) during their second trimester, and between February 27
and May 30 were exposed (or not) during their third trimester.

All demographic and clinical information was abstracted and recorded by professional
workers (medical doctors, midwives, and nurses). The data abstracted included: date of deliv-
ery, gestational age at delivery (in weeks), maternal age (in years), parity of mother, the loca-
tion of residence, the gender of newborns, birth weight (in grams), length (in centimeters),
head circumference (in centimeters), Apgar at 5 minutes, and small for gestational age (SGA)
(defined as newborn birth weight <10th percentile for gestational age). Perinatal outcomes
measured included: birth weight, length, ponderal index (weight/height®), head circumference,
Apgar at 5 minutes, the proportion of SGA newborns, preterm delivery (birth between 34-37
weeks). Gender of newborns, location of residence, gestational age (either in weeks or days),
parity and maternal age were considered as effect modifiers; location of residence was related
to three categories of average annual income [22]: low income (500,000 to 1 million Chilean
pesos), middle income (1 to 1.5 million Chilean pesos) and high income (more than 1.5 mil-
lion Chilean pesos).

The current protocol was registered on www.protocols.io and the assigned DOI is dx.doi.
org/10.17504/protocols.io.mguc3ww

Statistical analysis

Normal distribution of continuous variables was assessed by Shapiro-Wilk tests. Quantitative
non-normally-distributed variables are presented as median and 25" - 75 percentile. Normally-
distributed variables are presented as the mean and standard deviation (SD). Qualitative variables
are presented as percentages. Normally-distributed data were analyzed using two-tailed Student’s
t-tests, and Wilcoxon-Mann-Whitney tests were used for non-normally distributed data for two
groups comparisons. Meanwhile, ANOVA and Kruskal-Wallis tests were used for comparisons
between the three groups, as appropriate. Chi’ tests were used to analyze proportions between the
two groups. A generalized linear model was used to perform a multivariable analysis. All statistical
analyses were performed using STATA/IC 13 for Mac (StataCorp LP, College Station, TX, USA)
and significance assigned on the basis of 95% confidence intervals and p<0.05.

Results

A total of 1,966 deliveries from 2009 and 2,110 from 2010 were included in the final analysis
(Fig 1). A similar distribution of males was observed between the two groups: 48.2% (948) boy
in 2009 and 49.3% (1,041) in 2010 (p = 0.476).

Maternal age was statistically significantly different between the two cohorts. Mothers who
delivered in 2010 were on average older than mothers who delivered in 2009 (p = 0.001). Parity
ranged between 0 and 5, and most of the mothers were primigravidas with no significant dif-
ference between 2009 and 2010 (p = 0.07). Most of the subjects belong to the low annual
income group, which was not significantly different between the groups (p = 0.06) (Table 1).

Characteristics of exposed versus non-exposed newborns by gender

Comparing the 2009 and 2010 cohorts, no statistically significant differences were identified
between gestational age at birth (p = 0.2), the proportion of SGA (p = 0.232) or preterm deliv-
eries (p = 0.929), and birth weight (p = 0.636). Babies delivered in 2010; however, were on
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Fig 1. Flow diagram of selection of data.
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average of shorter length (p<0.05), had a smaller head circumference (p = 0.001) and had a
greater ponderal index (p = 0.001) than their counterparts born in 2009 (Table 1).

Analysis by year and gender identified no statistically significant difference in birth weight
among males (p = 0.418) and females (p = 0.959), and no difference in gestational age at birth.
The length and head circumference; however, were statistically significantly different
(p<0.05), with exposed males and females being shorter and having a smaller head circumfer-
ence than those in the non-exposed cohort (Table 1).

Perinatal outcomes of exposed versus non-exposed newborns by gender
and trimester of exposure
Birth weight (either in males or females) was not significantly affected by the trimester of expo-

sure. Exposed male fetuses, however, displayed measurable, significant differences in length,
head circumference, and gestational age at birth according to gestational age at the time of
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Table 1. Maternal and newborn characteristics and perinatal outcomes by year and gender.

Variable 2009 2010
Males (n = 948) ‘ Females (n = 1,018) Males (n = 1,041) | Females (n = 1,069)
Maternal Age, year® 27 (24-31) 28 (25-32)*
Primigravida, n (%) 949 (52.84) 956 (48.85)
Income, n (%)
Low 1,123 (57.12) 1,157 (54.83)
Middle 706 (35.91) 767 (36.35)
High 137 (6.97) 186 (8.82)
GA, weeks® 39 (38-40) 39 (38-40)
39 (38-40) ‘ 39 (38-40) 39 (38-40) | 39 (38-40)
GA, days® 273 (266-280) 273 (266-280)
273 (266-280) ‘ 273 (266-280) 273 (266-280) | 273 (266-280)
SGA, n (%) 134 (6.82) 173 (8.2)
61 (6.43) \ 73 (7.17) 75 (7.2) | 98 (9.17)
Preterm, n (%) 55 (2.8) 60 (2.84)
30 (3.16) | 25 (2.46) 35 (3.36) | 25 (2.34)
Weight, gramsb 3,358+377.19 3352.29+392
3,400.20+384.3 ‘ 3,318.63+366.28 3,386+400.18 | 3,319.47+381.19
Length, cm® 50 (49-51) 49.5 (48.5-51)*
50 (49-51) ‘ 50 (48.5-50.5) 50 (48.5-51)** | 49.5 (48-50.5)"*
HC, cm*® 35 (34-35.5) 34.5 (34-35.5)*
35 (34-36) \ 345 (34-35) 35 (34-35.5)"" | 34,5 (34-35)""
PI, gr/m3 @ 2.69 (2.56-2.82) 2.74 (2.59-2.9)*
2.67 (2.54-2.81) \ 27 (2.57-2.84) 2.74 (2.59-2.9)"* | 2.75 (2.6-2.91)"

? Results as reported as median (percentile 25 —percentile 75)

® Results as reported as mean + standard deviation

* P <0.05: significant difference between years

** P <0.05: significant difference between sex and years
NE: Non-exposed; E: Exposed; GA: Gestational Age; SGA: Small Gestational Age; HC: Head Circumference; PI: Ponderal Index

https://doi.org/10.1371/journal.pone.0191340.t001

exposure. Table 2 presents perinatal outcomes of male newborns according to their gestational
age at the time of the earthquake. For instance, males exposed in their second and third trimes-

ter were born smaller than non-exposed males (p = 0.001). Moreover, males exposed in their

Table 2. Perinatal outcomes of males according to trimester of exposure to earthquake.

Variable 1° trimester 2" trimester 3" trimester

NE (n = 288) E (n = 390) p-value NE (n=319) E (n=329) p-value NE (n = 341) E (n=322) p-value
GA, weeks® 39 (38-39) 39 (38-39) 0.397 39 (38-40) 39 (38-39) 0.004* 39 (38-39) 39 (38-40) 0.172
GA, days® 273 (266-273) 273 (266-273) 0.397 273 (266-280) 273 (266-273) 0.004* 273 (266-273) 273 (266-280) 0.172
Weight, grb 3,400+398.85 3,374.07+397 0.663 3403.1+£392.79 3375.82+403.5 0.383 3408.39+364.06 3410.84+400.8 0.934
Length, cm® | 50 (49-51) 50 (49-51) 0.156 50 (49-51) 49.5 (48.5-51) 0.001* 50.5 (49-51) 50 (49-51) 0.001*
HC, cm® 35 (34-35.5) 35 (34-35.5) 0.204 35 (34-36) 35 (34-35.5) 0.002* 35 (34-36) 35 (34-35.5) 0.612
PI, gr/mZ' @ 2.69 (2.55-2.82) 2.7 (2.57-2.87) 0.123 2.68 (2.53-2.8) 2.76 (2.63-2.9) | 0.001* 2.66 (2.53-2.79) 2.75 (2.62-2.88) 0.001*
? Results reported as median (percentile 25 —percentile 75)
® Results reported as mean + standard deviation
* P <0.05: significant difference between exposed and non-exposed male newborns
NE: Non-exposed; E: Exposed; GA: Gestational Age; SGA: Small Gestational Age; HC: Head Circumference; PI: Ponderal Index
https://doi.org/10.1371/journal.pone.0191340.t002
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second trimester had smaller head circumference than non-exposed males, and their gesta-
tional age was shorter. Ponderal index was greater if male newborns were exposed during the
second and third trimester.

In contrast, female fetuses exposed in the second and third trimester were significantly
shorter than non-exposed females without a significant difference in birth weight. They had a
smaller head circumference if exposure occurred during the second trimester. As such, their
ponderal index was similarly affected. Table 3 presents perinatal outcomes of female newborns
according to their gestational age at the time of the earthquake.

Multivariable analysis

After adjusting for gender, income, gestational age (either in weeks or days), maternal age and
parity, women exposed in their first trimester had newborns who were significantly shorter
(by around 2 mm) compared to women who were not exposed (95% CI, 0.35-0.02; p = 0.023).
Women exposed in their second trimester had newborns that were on average 5 mm shorter
than their unexposed newborns (95% CI, 0.64-0.31; p = 0.001). Women exposed in their third
trimester had newborns were on average 4.5 mm shorter than unexposed newborns (95% CI,
0.62-0.28; p = 0.001), holding all variables constant.

Birth weight was related to newborn gender, gestational age at birth (either in weeks or
days), and parity, but was not significantly influenced by trimester of exposure. After adjusting
for birth weight and length, the ponderal index was affected by exposure to earthquake in the
second and third (but not the first) trimester. For example, for exposure in the second trimes-
ter, the ponderal index was greater by 0.09 in exposed compared with non-exposed fetuses
(95% CI, 0.06-0.11; p = 0.001) and by 0.07 if exposure was in the third trimester (95% CI,
0.04-0.9; p = 0.001), regardless of gender.

Head circumference was associated with exposure if it occurred in the first and second tri-
mester of gestation. Newborns exposed during their first trimester had a head circumference
on average 1.2 mm smaller than unexposed newborns (95% CI, 0.23-0.003; p = 0.04) and, if
exposure occurred during second trimester, the head circumference was on average 1.5 mm
less (95% CI, 0.27-0.03). The Apgar score at 5 minutes was not affected by exposure.

Discussion

The current study analyzes the effect of the historic February 27, 2010 earthquake on perinatal
and newborn outcomes in a large tertiary care center in Santiago, Chile. We found

Table 3. Perinatal outcomes of females according to trimester of exposure to earthquake.

Variable 1% trimester 2" trimester 3 trimester

NE (n = 325) E (n=368) p-value NE (n = 350) E (n=337) p-value NE (n = 343) E (n=364) p-value
GA, weeks® 39 (38-40) 39 (38-40) 0.709 39 (38-40) 39 (38-39) 0.256 39 (38-40) 39 (38-40) 0.456
GA, days® 273 (266-280) 273 (266-280) 0.709 273 (266-280) 273 (266-273) | 0.256 273 (266-280) 273 (266-280) | 0.456
Weight, grb 3333.89+376.86 3334.29+377.99 0.988 3305.74+£359.87 3330.8+387.19 0.379 3317.324+363.13 3293.99+£378.5 0.403
Length, cm® | 49.5 (48.5-50.5) | 49.5 (48-50.5) 0.474 50 (49-50.5) 49 (48-50.5) 0.001* 50 (48.5-51) 49 (48-50.5) 0.001*
HC, cm® 34.5 (33.5-35) 34.5 (34-35) 0.353 34.5 (34-35) 34.5(33.5-35) | 0.268 34.5 (34-35.3) 34.5 (34-35) 0.026*
PI, gr/m3 2 2.73 (2.61-2.87) 2.74 (2.59-2.9) 0.459 2.68 (2.55-2.83) 2.77 (2.6-2.96) 0.001* 2.69 (2.56-2.83) 2.73 (2.58-2.9) 0.011%
 Results reported as median (percentile 25 —percentile 75)
® Results reported as mean + standard deviation
* P <0.05: significant difference between exposed and non-exposed female newborns
NE: Non-exposed; E: Exposed; GA: Gestational Age; SGA: Small Gestational Age; HC: Head Circumference; PI: Ponderal Index
https://doi.org/10.1371/journal.pone.0191340.t003
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relationships between this natural disaster and adverse perinatal outcomes that varied depend-
ing on the timing of exposure and newborn gender. We obtained significant findings on the
effects of the earthquake on fetal length, head circumference, ponderal index, and gestational
age at birth.

Prior studies have proposed a negative relationship between prenatal maternal stress and
gestational length; that is, women under stress due to a natural disaster have a lower gestational
age at delivery than women without stress [9,23-25]. We found a similar difference between
exposed and non-exposed males; however, the earthquake did not appear to have the same
effect on gestational age at delivery if the fetus was female. These data are consistent with the
findings of Tan et al. [6]. The association between PNMS and an increased risk of preterm
birth has been previously described [10,18,25,26], although the effect of timing of exposure
and fetal gender had not been systematically examined. We found that male newborns had
shorter gestation if they were exposed during their second trimester of gestation, in contrast to
female newborns, where no such association was evident, suggesting that the risk of shorter
pregnancy varied according to fetal gender. Interestingly, Torche et al. found a greater proba-
bility of preterm birth among females than among males after exposure to a natural disaster
[25].

Although the published data about the effect of natural disasters on the head circumference
are discrepant, most authors observed a smaller head circumference [10,27]; Tegethoff et al.,
however, found otherwise [24]. We observed that head circumference was smaller for male
newborns, especially if they were exposed during the second trimester of gestation, whereas
female newborns had smaller head circumference if they were exposed in their third trimester.
Both male and female neonates were shorter if they were exposed during their second and
third trimester. Most prior studies did not show a difference in fetal length following a disaster,
except for Dancause et al. who observed smaller length of newborns among women exposed to
a catastrophic ice storm in Canada [28].

Several prior studies have suggested that PNMS is associated with low birth weight
[2,5,6,12]. A special case is presented by Harville et al. who observed that newborns exposed to
2010 earthquake in Haiti had on average 150 to 300 grams less that non-exposed [29]. In this
study, we did not find a significant difference in birth weight between groups. Although,
because the length was shorter in exposed newborns, the ponderal index was significantly
greater in exposed than non-exposed newborns. In contrast, Oyarzo et al. reported that
exposed newborns had a greater length and thus a lower ponderal index. A possible explana-
tion for this difference is that Oyarzo et al. observed pregnant women exposed much closer to
the epicenter of earthquake and it is possible that the intensity of the stress injury could affect
growth differently [3]. Consistent with this hypothesis, Suzuki et al. reported that newborn
birth weight was extremely affected if pregnant women were close to the most affected area
compared to other geographical locations [12].

Some of these findings can be explained because maternal stress and perinatal outcomes are
linked both psychologically and endocrinologically [9]. PNMS can affect the fetal hypotha-
lamic pituitary adrenal (HPA) axis [30] and its downstream metabolic pathways [31]. The
effect of PNMS appears to be mediated through altered production of corticotrophin-releasing
hormone (CRH), adrenocorticotrophic hormone (ACTH), and cortisol [9]. These stress hor-
mones may increase uterine contractions and the timing of parturition, thus changing the
length of gestation [32,33]. They may also affect placental function [34], which is an important
maternal-fetal barrier, leading to fetal growth restriction, prematurity, and low birth weight
[35-38]. Prenatal maternal stress and high levels of maternal cortisol have been reported as
factors that can induce epigenetic modifications that may affect health outcomes in later life
[39], also they can modify gene expression in fetal brain [40], and maybe these changes are
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fetal sex-specific in their manifestation. Additionally, Wang et al. reported that women
exposed to prenatal stress due to an earthquake had short leukocyte telomere length, what has
been associated with an increased disease risk in adulthood [41].

This study has important implications for future research and medical practice. First, as far
as public policy is concerned, it would be important to develop and implement a specific pro-
gram to support pregnant women and help them cope with the stress of a natural disaster. Sec-
ond, women who have been exposed to acute stress due to a natural disaster should be followed
more closely during their prenatal course to look for symptoms and signs of preterm labor, espe-
cially if the fetus is male. Finally, further research should focus on investigating the long-term
outcomes related to different natural disasters and providing support to children who experi-
ence sequelae from a stressful event experienced in utero. It is well known that such negative
experienced during the fetal and early neonatal period can lead to an increase in years of life lost
(YLL), disability-adjusted life years (DALYs), and quality-adjusted life years (QUALYs) due to
metabolic and endocrine diseases, as well as psychological and neurological alterations including
emotional, cognitive, and linguistic impairments. This assumption is supported by one study
that evaluated the acute impact on brain function in people who survived to an 8.0 earthquake
in China, through magnetic resonance imaging. As a result, victims presented several alterations
across the brain, such as hyperactivity and low functional connectivity [42]. Furthermore, all of
maternal physiological alterations can affect to fetus. One study found that newborns exposed to
prenatal stress due to an earthquake presented an inverse relationship between the level of
maternal stress and scores of mental development, without differences among trimesters. Specif-
ically, males were more affected by this stress in comparison to females [43].

This study has several strengths. First, the data were abstracted from a research quality med-
ical database without missing data points. Second, the data were collected from subjects that
had attended the medical center over a two-year period; as a result, the demographic charac-
teristics between exposed and non-exposed women were similar. Third, the medical center
under study represents almost 7% of all deliveries occurred in Chile in that date [44].

One limitation of this study is the inability to include some variables of interest, such as the
underlying details of maternal chronic diseases or the length of prior pregnancies. This center
has a high cesarean delivery rate (around 50%), some of which are conducted electively on
maternal request. Unfortunately, the database does not distinguish between elective and non-
elective C-sections. Consequently, in order to avoid bias, we limited this analysis only to those
women who delivered vaginally. While this helped remove many potential confounding fac-
tors from the analysis, it also leads to a decrease in the number of cases overall. Moreover, data-
set contained gestational age at birth as entire weeks; so, a detailed gestational age of days
would deliver a more accurate analysis. Even though the differences in fetal length and head
circumference are statistically different, the absolute measurement is relatively small, and it
may impress unimportant; however, these few millimeters can hide several molecular and
physiology changes that will have several consequences as we exposed previously.

In conclusion, this study reinforces the hypothesis that natural disasters are associated with
adverse perinatal outcomes and that a single severe acute maternal stress event may affect fetal
growth and timing of delivery. This relationship, in turn, appears to be dependent on fetal gen-
der and on the gestational age at which the stress event occurred. Further research, a cellular
and molecular level, is needed to better understand the relationship between maternal stress
events, and perinatal and childhood outcomes.

Acknowledgments

The authors wish to acknowledge Fundacién Banmédica for its support and Clinica Davila.

PLOS ONE | https://doi.org/10.1371/journal.pone.0191340 February 23, 2018 8/11


https://doi.org/10.1371/journal.pone.0191340

@° PLOS | ONE

Earthquake and perinatal outcomes

Author Contributions

Conceptualization: Yasna K. Palmeiro-Silva, Pelusa Orellana, Gregory Rice, Sebastian E.
Illanes.

Data curation: Yasna K. Palmeiro-Silva, Sebastian E. Illanes.

Formal analysis: Yasna K. Palmeiro-Silva, Gregory Rice, Sebastian E. Illanes.
Investigation: Pia Venegas, Eduardo Osorio.

Methodology: Yasna K. Palmeiro-Silva, Errol Norwitz, Gregory Rice, Sebastian E. Illanes.
Project administration: Yasna K. Palmeiro-Silva, Pia Venegas, Sebastian E. Illanes.
Resources: Eduardo Osorio.

Supervision: Errol Norwitz, Gregory Rice, Sebastian E. Illanes.

Validation: Gregory Rice, Sebastian E. Illanes.

Writing - original draft: Yasna K. Palmeiro-Silva, Lara Monteiro, Manuel Varas-Godoy,
Errol Norwitz, Gregory Rice, Sebastian E. Illanes.

Writing - review & editing: Yasna K. Palmeiro-Silva, Pelusa Orellana, Gregory Rice, Sebas-
tian E. Illanes.

References

1. Moehle J, Riddell R, Boroschek R. The Mw 8.8 Chile Earthquake of February 27, 2010. 2010. Available
from https://www.eeri.org/site/images/eeri_newsletter/2010_pdf/Chile10_insert.pdf

2. Harville E, Xiong X, Buekens P. Disasters and perinatal health: a systematic review. Obstet Gynecol
Surv. 2010; 65: 713-728. https://doi.org/10.1097/0OGX.0b013e31820eddbe PMID: 21375788

3. Opyarzo C, Bertoglia P, Avendano R, Bacigalupo F, Escudero A, Acurio J, et al. Adverse perinatal out-
comes after the February 27th 2010 Chilean earthquake. J Matern Fetal Neonatal Med. 2012; 25:
1868-1873. https://doi.org/10.3109/14767058.2012.678437 PMID: 22468878

4. King S, Dancause K, Turcotte-Tremblay A, Veru F, Laplante D. Using Natural Disasters to Study the
effects of prenatal Maternal Stress on Child Health and Development. Birth Defects Res. 2012; 96:
273-288.

5. LiuS,HanJ, Xiao D, Ma C, Chen B. A report on the reproductive health of women after the massive
2008 Wenchuan earthquake. Int J Gynaecol Obstet. 2010; 108: 161—164. https://doi.org/10.1016/}.ijgo.
2009.08.030 PMID: 19892335

6. TanCE, LiHJ, Zhang XG, Zhang H, Han PY, An Q, et al. The impact of the Wenchuan earthquake on
birth outcomes. PLoS One. 2009; 4: €8200. https://doi.org/10.1371/journal.pone.0008200 PMID:
19997649

7. LauY,YinL, WangY. Severe antenatal depressive symptoms before and after the 2008 Wenchuan
earthquake in Chengdu, China. J Obstet Gynecol Neonatal Nurs. 2011; 40: 62—74. https://doi.org/10.
1111/1.1552-6909.2010.01208.x PMID: 21244494

8. ChangHL, Chang TC, Lin TY, Kuo SS. Psychiatric morbidity and pregnancy outcome in a disaster area
of Taiwan 921 earthquake. Psychiatry Clin Neurosci. 2002; 56: 139-144. https://doi.org/10.1046/j.
1440-1819.2002.00948.x PMID: 11952916

9. Torche F. The effect of maternal stress on birth outcomes: exploiting a natural experiment. Demogra-
phy.2011; 48:1473—1491. https://doi.org/10.1007/s13524-011-0054-z PMID: 21870187

10. Kramer MS, Lydon J, Seguin L, Goulet L, Kahn SR, McNamara H, et al. Stress pathways to spontane-
ous preterm birth: the role of stressors, psychological distress and stress hormones. Am J Epidemiol.
2009; 169: 1319—-1326. https://doi.org/10.1093/aje/kwp061 PMID: 19363098

11. King S, Barr RG, Brunet A, Saucier JF, Meaney M, Woo S, et al. The ice storm: an opportunity to study
the effects of prenatal stress on the baby and the mother. Sante Ment Que. 2000; 25: 163—185. PMID:
18253576

12. SuzukiK, Yamagata Z, Kawado M, Hashimoto S. Effects of the Great East Japan Earthquake on Sec-
ondary Sex Ratio and Perinatal Outcomes. J Epidemiol. 2016; 26: 76—83. https://doi.org/10.2188/jea.
JE20150055 PMID: 26639751

PLOS ONE | https://doi.org/10.1371/journal.pone.0191340 February 23, 2018 9/11


https://www.eeri.org/site/images/eeri_newsletter/2010_pdf/Chile10_insert.pdf
https://doi.org/10.1097/OGX.0b013e31820eddbe
http://www.ncbi.nlm.nih.gov/pubmed/21375788
https://doi.org/10.3109/14767058.2012.678437
http://www.ncbi.nlm.nih.gov/pubmed/22468878
https://doi.org/10.1016/j.ijgo.2009.08.030
https://doi.org/10.1016/j.ijgo.2009.08.030
http://www.ncbi.nlm.nih.gov/pubmed/19892335
https://doi.org/10.1371/journal.pone.0008200
http://www.ncbi.nlm.nih.gov/pubmed/19997649
https://doi.org/10.1111/j.1552-6909.2010.01208.x
https://doi.org/10.1111/j.1552-6909.2010.01208.x
http://www.ncbi.nlm.nih.gov/pubmed/21244494
https://doi.org/10.1046/j.1440-1819.2002.00948.x
https://doi.org/10.1046/j.1440-1819.2002.00948.x
http://www.ncbi.nlm.nih.gov/pubmed/11952916
https://doi.org/10.1007/s13524-011-0054-z
http://www.ncbi.nlm.nih.gov/pubmed/21870187
https://doi.org/10.1093/aje/kwp061
http://www.ncbi.nlm.nih.gov/pubmed/19363098
http://www.ncbi.nlm.nih.gov/pubmed/18253576
https://doi.org/10.2188/jea.JE20150055
https://doi.org/10.2188/jea.JE20150055
http://www.ncbi.nlm.nih.gov/pubmed/26639751
https://doi.org/10.1371/journal.pone.0191340

@° PLOS | ONE

Earthquake and perinatal outcomes

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.
34.

Perera F, Herbstman J. Prenatal environmental exposures, epigenetics, and disease. Reprod Toxicol.
2011; 31: 363-373. https://doi.org/10.1016/j.reprotox.2010.12.055 PMID: 21256208

Billack B, Serio R, Silva I, Kinsley CH. Epigenetic changes brought about perinatal stressors: a brief
review of the literature. J Pharmacol Toxicol Methods. 2012; 66: 221-231. https://doi.org/10.1016/j.
vascn.2012.08.169 PMID: 22982214

Charil A, Laplante DP, Vaillancourt C, King S. Prenatal stress and brain development. Brain Res Rev.
2010; 65: 56-79. https://doi.org/10.1016/j.brainresrev.2010.06.002 PMID: 20550950

Barker DJ. The developmental origins of adult disease. J Am Coll Nutr. 2004; 23: 5885-595S. PMID:
15640511

Eriksson JG. Early growth and adult health outcomes-lessons learned from the Helsinki Birth Cohort
Study. Matern Child Nutr. 2005; 1: 149-154. https://doi.org/10.1111/j.1740-8709.2005.00017.x PMID:
16881894

Xiong X, Harville EW, Mattison D, Elkind-Hirsch K, Pridijian G, Buekens P. Exposure to Hurricane
Katrina, post-traumatic stress disorder and birth outcomes. Am J Med Sci 2008; 336: 111—-115. https://
doi.org/10.1097/MAJ.0b013e318180f21c PMID: 18703903

Seckl J, Holmes MC. Mechanism of disease: glucocorticoids, their placental metabolism and fetal pro-
gramming of adult pathobiology. Nat Clin Pract Endocrinol Metab 2007; 3: 479-488. https://doi.org/10.
1038/ncpendmet0515 PMID: 17515892

Franzek EJ, Sprangers N, Janssens AC, Van Duijn CM, Van De Wetering BJ. Prenatal exposure to the
1944-1945 Dutch "hunger winter" and addiction later life. Addiction. 2008; 103: 433—438. https://doi.
org/10.1111/j.1360-0443.2007.02084.x PMID: 18190668

Malaspina D, Corcoran C, Kleinhaus KR, Perrin MC, Fenning S, Nahon D, et al. Acute maternal stress
in pregnancy and schizophrenia in offspring: a cohort prospective study. BMC Psychiatry. 2008; 8: 71.
https://doi.org/10.1186/1471-244X-8-71 PMID: 18717990

SEREMI de Desarrollo Social Metropolitana. Indicadores comunales Encuesta CASEN 2013 — Region
Metropolitana de Santiago. 2014. Available from: https://www.gobiernosantiago.cl/wpcontent/uploads/
2014/12/INDICADORES-COMUNALES-CASEN-RMS-2013.xls

Mancuso RA, Schetter CD, Rini CM, Roesch SC, Hobel CJ. Maternal prenatal anxiety and corticotro-
pin-releasing hormone associated with timing of delivery. Psychosom Med 2004; 66: 762—769. https://
doi.org/10.1097/01.psy.0000138284.70670.d5 PMID: 15385704

Tegethoff M, Greene N, Olsen J, Meyer AH, Meinlschmidt G. Maternal psychosocial adversity during
pregnancy is associated with length of gestation and offspring size at birth: evidence from a population-
based cohort study. Psychosom Med 2010; 72: 419-426. https://doi.org/10.1097/PSY.
0b013e3181d2f0b0 PMID: 20410245

Torche F, Kleinhaus K. Prenatal stress, gestational age and secondary sex ratio: the sex-specific
effects of exposure to a natural disaster in early pregnancy. Hum Reprod 2012; 27: 558-512 https://doi.
org/10.1093/humrep/der390 PMID: 22157912

Dayan J, Creveuil C, Marks MN, Conroy S, Herlicovierz M, Dreyfus M, et al. Prenatal depression, prena-
tal anxiety and spontaneous preterm birth: a prospective cohort study among women with early and reg-
ular care. Psychosom Med 2006; 68: 938—946. https://doi.org/10.1097/01.psy.0000244025.20549.bd
PMID: 17079701

Lou HC, Hansen D, Nordentoft M, Pryds O, Jensen F, Nim J, et al. Prenatal stressors of human life
affect fetal brain development. Dev Med Child Neurol. 1994; 36: 826—-832. PMID: 7926332

Dancause KN, Laplante DP, Oremus C, Fraser S, Brunet A, King S. Disaster-related prenatal maternal
stress influences birth outcomes: Project Ice Storm. Early Hum Dev. 2011; 87: 813-820 https://doi.org/
10.1016/j.earlhumdev.2011.06.007 PMID: 21784587

Harville E, Do M. Reproductive and birth outcomes in Haiti before and after the 2010 earthquake. Disas-
ter Med Public Health Prep. 2016; 10: 59-66. https://doi.org/10.1017/dmp.2015.69 PMID: 26055727

Sandman CA, Wadhwa PD, Dunkel-Schetter C, Chicz-DeMet A, Belman J, Porto M, et al. Psychobio-
logical influences of stress and HPA regulation on the human fetus and infant birth outcomes. Ann N Y
Acad Sci. 1994; 739: 198-210. PMID: 7832474

Nieuwenhuizen AG, Rutters F. The hypothalamic-pituitary-adrenal-axis in the regulation of energy balance.
Physiol Behav. 2008; 94: 169—177. https://doi.org/10.1016/j.physbeh.2007.12.011 PMID: 18275977

Hobel CJ, Goldstein A, Barrett ES. Psychosocial stress and pregnancy outcome. Clin Obstet Gynecol.
2008; 51: 333-348. https://doi.org/10.1097/GRF.0b013e31816f2709 PMID: 18463464

Hobel C. Stress and preterm birth. Clin Obstet Gynecol. 2004; 47: 856—880. PMID: 15596939

O’Donnel KJ, Bugge A, Freeman L, Khalife N, O’Connor TG, Glover V. Maternal anxiety and downregu-
lation of placental 11B-HSD2. Psychoneuroendocrinology. 2012; 37: 818-826. https://doi.org/10.1016/
j.psyneuen.2011.09.014 PMID: 22001010

PLOS ONE | https://doi.org/10.1371/journal.pone.0191340 February 23, 2018 10/11


https://doi.org/10.1016/j.reprotox.2010.12.055
http://www.ncbi.nlm.nih.gov/pubmed/21256208
https://doi.org/10.1016/j.vascn.2012.08.169
https://doi.org/10.1016/j.vascn.2012.08.169
http://www.ncbi.nlm.nih.gov/pubmed/22982214
https://doi.org/10.1016/j.brainresrev.2010.06.002
http://www.ncbi.nlm.nih.gov/pubmed/20550950
http://www.ncbi.nlm.nih.gov/pubmed/15640511
https://doi.org/10.1111/j.1740-8709.2005.00017.x
http://www.ncbi.nlm.nih.gov/pubmed/16881894
https://doi.org/10.1097/MAJ.0b013e318180f21c
https://doi.org/10.1097/MAJ.0b013e318180f21c
http://www.ncbi.nlm.nih.gov/pubmed/18703903
https://doi.org/10.1038/ncpendmet0515
https://doi.org/10.1038/ncpendmet0515
http://www.ncbi.nlm.nih.gov/pubmed/17515892
https://doi.org/10.1111/j.1360-0443.2007.02084.x
https://doi.org/10.1111/j.1360-0443.2007.02084.x
http://www.ncbi.nlm.nih.gov/pubmed/18190668
https://doi.org/10.1186/1471-244X-8-71
http://www.ncbi.nlm.nih.gov/pubmed/18717990
https://www.gobiernosantiago.cl/wpcontent/uploads/2014/12/INDICADORES-COMUNALES-CASEN-RMS-2013.xls
https://www.gobiernosantiago.cl/wpcontent/uploads/2014/12/INDICADORES-COMUNALES-CASEN-RMS-2013.xls
https://doi.org/10.1097/01.psy.0000138284.70670.d5
https://doi.org/10.1097/01.psy.0000138284.70670.d5
http://www.ncbi.nlm.nih.gov/pubmed/15385704
https://doi.org/10.1097/PSY.0b013e3181d2f0b0
https://doi.org/10.1097/PSY.0b013e3181d2f0b0
http://www.ncbi.nlm.nih.gov/pubmed/20410245
https://doi.org/10.1093/humrep/der390
https://doi.org/10.1093/humrep/der390
http://www.ncbi.nlm.nih.gov/pubmed/22157912
https://doi.org/10.1097/01.psy.0000244025.20549.bd
http://www.ncbi.nlm.nih.gov/pubmed/17079701
http://www.ncbi.nlm.nih.gov/pubmed/7926332
https://doi.org/10.1016/j.earlhumdev.2011.06.007
https://doi.org/10.1016/j.earlhumdev.2011.06.007
http://www.ncbi.nlm.nih.gov/pubmed/21784587
https://doi.org/10.1017/dmp.2015.69
http://www.ncbi.nlm.nih.gov/pubmed/26055727
http://www.ncbi.nlm.nih.gov/pubmed/7832474
https://doi.org/10.1016/j.physbeh.2007.12.011
http://www.ncbi.nlm.nih.gov/pubmed/18275977
https://doi.org/10.1097/GRF.0b013e31816f2709
http://www.ncbi.nlm.nih.gov/pubmed/18463464
http://www.ncbi.nlm.nih.gov/pubmed/15596939
https://doi.org/10.1016/j.psyneuen.2011.09.014
https://doi.org/10.1016/j.psyneuen.2011.09.014
http://www.ncbi.nlm.nih.gov/pubmed/22001010
https://doi.org/10.1371/journal.pone.0191340

@° PLOS | ONE

Earthquake and perinatal outcomes

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Lazinski MJ, Shea AK, Steiner M. Effects of maternal prenatal stress on offspring development: a com-
mentary. Arch Womens Ment Health. 2008; 11: 363-375. https://doi.org/10.1007/s00737-008-0035-4
PMID: 18975045

Borzsonyi B, Demendi C, Pajor A, Rigd J Jr, Marosi K, Agota A, et al. Gene expression patterns of the
11B-hydroxysteroid dehydrogenase 2 enzyme in human placenta from intrauterine growth restriction:
The role of impaired feto-maternal glucocorticoid metabolism. Eur J Obstetrics Gynecol Reprod Biol.
2012;161: 12-17.

Demendi C, Borzsonyi B, Pajor A, Rigd J Jr, Nagy ZB, Szentpéteri, et al. Abnormal fetomaternal gluco-
corticoid metabolism in the background of premature delivery: placental expression patterns of the 113-
hydroxysteroid dehydrogenase 2 gene. Eur J Obstet Gynecol Reprod Biol. 2012; 165: 210-214. https:/
doi.org/10.1016/j.ejogrb.2012.08.009 PMID: 22959142

Kajantie E, Dunkel L, Turpeinen U, Stenman UH, Andersson S. Placental 113-HSD2 activity, early post-
natal clinical course and adrenal function in extremely low birth weight infants. Pediatr Res. 2006; 59:
575-578. https://doi.org/10.1203/01.pdr.0000203106.59832.7a PMID: 16549532

Cao-LeilL, Laplante D, King S. Prenatal maternal stress and epigenetic: Review of the human research.
Curr Mol Bio Rep. 2016; 2: 16-25.

Salaria S, Chana G, Caldara F, Feltrin E, Altieri M, Faggioni F, et al. Microarray analysis of cultured
human brain aggregates following cortisol exposure: implications for cellular functions relevant to mood
disorders. Neurobiol Dis. 2006: 23; 630—-636. https://doi.org/10.1016/j.nbd.2006.05.003 PMID:
16844382

Wang R, An C, Wang J, Wang Y, Song M, Li N, et al. Earthquake experience at different trimesters dur-
ing pregnancy is associated with leukocyte telomere length and long-term health in adulthood. Front
Psychiatry. 2017; 8: 1-7. https://doi.org/10.3389/fpsyt.2017.00001

Lui S, Huang X, Chen L, Tang H, Zhang T, Li X, et al. High-field MRI reveals an acute impact on brain
function in survivors of the magnitude 8.0 earthquake in China. PNAS. 2009; 106: 15412-15417.
https://doi.org/10.1073/pnas.0812751106 PMID: 19720989

CaiD, ZhuZ, SunH, Qi Y, Xing L, Zhao X, et al. Maternal PTSD following exposure to the Wenchuan
earthquake is associated with impaired mental development of children. PLoS One. 2017; 12:
e€0168747. https://doi.org/10.1371/journal.pone.0168747 PMID: 28369095

Departamento de Estadisticas e Informacion en Salud. Indicadores Basicos en Salud, Chile 2013.
2013. Available from: http://www.deis.cl.

PLOS ONE | https://doi.org/10.1371/journal.pone.0191340 February 23, 2018 11/11


https://doi.org/10.1007/s00737-008-0035-4
http://www.ncbi.nlm.nih.gov/pubmed/18975045
https://doi.org/10.1016/j.ejogrb.2012.08.009
https://doi.org/10.1016/j.ejogrb.2012.08.009
http://www.ncbi.nlm.nih.gov/pubmed/22959142
https://doi.org/10.1203/01.pdr.0000203106.59832.7a
http://www.ncbi.nlm.nih.gov/pubmed/16549532
https://doi.org/10.1016/j.nbd.2006.05.003
http://www.ncbi.nlm.nih.gov/pubmed/16844382
https://doi.org/10.3389/fpsyt.2017.00001
https://doi.org/10.1073/pnas.0812751106
http://www.ncbi.nlm.nih.gov/pubmed/19720989
https://doi.org/10.1371/journal.pone.0168747
http://www.ncbi.nlm.nih.gov/pubmed/28369095
http://www.deis.cl
https://doi.org/10.1371/journal.pone.0191340

