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Abstract

The purpose of this study was to explore whether earthquake-related maternal Post-Trau-

matic Stress Disorder (PTSD) is associated with impaired development of infants. Partici-

pants included 86 women who were pregnant during or after the earthquake in Ningqiang

county, and their children. Data were collected from February to March of 2012. PTSD

questionnaire (PTSD Checklist, Civilian Version (PCL-C)) was used to measure the effect of

the earthquake on mothers, and that the scores greater than 50 were used to indicate pres-

ence of PTSD. Each child was assessed using the mental Developmental Screening Test

(DST) according to age. Among the 86 women, PTSD scores equal to or greater than 50

accounted for 20.93%. Among the 86 children, 25.60% of development quotient (DQ)

scores and 19.80% of mental index (MI) scores were less than 85. The correlation coeffi-

cient analysis showed that PTSD scores were inversely related to DQ and MI scores. Mater-

nal PTSD following earthquake exposure is associated with relatively lower intellectual

development in children age 0–3 years. Further research is needed to assess the persistent

effects of this influence on offspring of mothers exposed to earthquake.

Introduction

Fetal development is important to ensure the future health of an individual. Many studies on

humans and experimental research with animals suggest that maternal stress during preg-

nancy, likely in interaction with genetic factors, may have long-lasting adverse consequences

with respect to pregnancy outcomes [1,2] and the cognitive development and behavioral prob-

lems of offspring [3–6]. Such stress can result from natural or man-made disasters such as

earthquakes, floods, ice storms, war, or terrorist acts. Previous studies have shown that mental
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health disorders such as post-traumatic stress disorder (PTSD) and other psychological health

problems were common among earthquake survivors [7–12]. Furthermore, for similar cata-

strophic events that cause extraordinary destruction and disruption, populations may exhibit

strikingly high levels of depression and post-traumatic stress for years after the disaster

[13,14].

Several studies since the 1990s have found that women are disproportionately vulnerable to

negative mental and physical health outcomes following disasters [15–17]. Arnberg et al. [18]

measured symptoms of PTSD in 82 women 6 years after the 2004 Indian Ocean disaster, and

found that the incidence of PTSD was still quite high among women who were on vacation in

Southeast Asia during the disaster. Oni et al. [19] found that levels of PTSD and depression of

pregnant women increased in relation to the severity of the experience of the hurricane.

An earthquake of magnitude 8.0 occurred in 2008 in Wenchuan County of Sichuan Prov-

ince in southwest China. Over 270,000 pregnant women and 12 million women of child-bear-

ing age were affected by the earthquake [20]. The aftermath of the earthquake was a source of

enormous psychological stress, and the experiences of pregnant women may have influenced

not only their own health but also that of their children.

The present study focused on whether earthquake-related maternal PTSD is associated with

impaired development of infants. Specifically, PTSD symptoms among women who were

pregnant during or after the earthquake and the impaired mental development of their infants

were examined. A representative area close to the earthquake’s epicenter, Ningqiang county,

was most severely damaged and chosen as the setting for this study.

Materials and Methods

Study design and setting

The present work was conducted from February to March of 2012 (about 4 years after earth-

quake). Eighty-six women who were pregnant during or after the earthquake were recruited

from the puerperants at the Ningqiang People’s Hospital. Face-to-face interviews were con-

ducted with participants at the Ningqiang People’s Hospital. This study protocol was approved

by the Institutional Review Board (IRB) of the First Affiliated Hospital of Xi’an Jiaotong Uni-

versity. A pediatrician, obstetricians, psychological experts, volunteers, and undergraduates

who majored in pediatrics comprised two teams of investigators. Both teams received training

by the authors of this study on communication and interviewing skills before conducting the

interviews and data collection.

Subjects and sampling methods

Detailed information and data about the damage caused by the earthquake were obtained dur-

ing our investigation. A psychological assistant was present during the entire data collection

session to answer queries from participants. Three obstetricians identified women who met

inclusion criteria: (a) pregnant during the earthquake or became pregnant within 3 years after

the earthquake, (b) Han nationality, (c) 18 years or older, (d) no other traumatic event during

the investigation. Participation was discontinued for some participants because of obstetrical

complications, such as premature births, stillbirths, and maternal medical complications

(n = 14), and gemellary pregnancies (n = 3), leaving 86 mother-child pairs who continued to

participate in the study. Only infants born after 37 weeks of gestation were included in the

study. Written consent was obtained from participants. All women were paid 500 yuan for

their time and effort.
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Variables

The following sociodemographic information was obtained for parents: 1) parent’s age (< 30

years or� 30 years), 2) mother’s education level (< 9 years or� 9 years), 3) living situation

(village or city), 4) mother’s tobacco use (yes or no), and 5) alcohol use (yes or no). Among the

participants, no one drank or smoked during pregnancy.

Pregnancy and child-related information was also obtained:

1) number of deliveries (primipara or multipara), 2) delivery type (normal delivery or Cae-

sarean section), 3) child’s gender, 4) child’s birth weight, 5) child’s age.

Measurements

Symptoms of post-traumatic stress disorder (PTSD). We assessed the symptoms of

PTSD using the PTSD Checklist, Civilian Version (PCL-C) compiled by Weathers et al. in 1993

[21]. This questionnaire is a self-assessment instrument widely used to measure traumatic stress

relating to 17 PTSD-like symptoms. Using a 5-point scale, respondents indicate the degree to

which they were bothered in the past four years by the most traumatic event of their life. The

items of the PCL-C are divided into 3 sections: re-experiencing of trauma (Items 1–5), avoidance

(Items 6–12), and hyperarousal (Items 13–17). Re-experiencing symptoms are intrusive thoughts

about trauma, nightmares, flashbacks, distress, and physiological changes when reminded of

trauma. Avoidance symptoms include avoidance of traumatic thoughts and reminders, lack of

interest, detachment, emotional numbing, psychogenic amnesia, and sense of foreshortened

future. Hyperarousal symptoms include insomnia, irritability, memory/concentration difficulties,

hypervigilance, and startle response. A total score is obtained by adding the frequency and sever-

ity scores across all items (range = 15–85). A cutoff value of 50 was used to define a positive

PTSD result; higher scores corresponded to greater symptoms of PTSD in the present study [22].

Child measures. The mental Developmental Screening Test (DST), developed by Chil-

dren’s Hospital of Fudan University, remains the most widely used objective assessment of the

level of mental development in Chinese infants [23]. The scale may be used with children from

birth to age 6. It consists of 120 items, arranged in 3 categories: social adaptability, motor abil-

ity, and intelligence development. The DST quantitative indexes are expressed as the develop-

mental quotient (DQ) and mental indexes (MI). The score of the DQ is the total of the three

categories, which provides an integrated overview of pediatric development. MI measures the

development of pediatric intelligence. The correlation coefficients for inter-observer and test-

retest reliability were 0.94 and 0.90, respectively. Prior to test administration, the age of the

infant is calculated as of the current date. For ease of interpretation, children were classified

into 4 groups based on age: less than 1 year old, 1–2 years old; 2–3 years old, and 3–4 years old.

Each child was tested in a quiet area according to age. The development quotient (DQ) and

mental index (MI) were calculated according to the age of the children. A cutoff value of 85

was used to define a positive DST result in the present study, which means that DST scores less

than 85 signify delay of social adaptability, motor ability, and intelligence development. If a

child obtained a DST scores less than 85, the parent was informed, and a recommendation was

made to obtain further diagnosis or treatment.

Statistical methods

Statistical analysis was performed using SPSS 18.0. First, descriptive analyses were conducted on

demographic characteristics (age, number of deliveries and type, living situation, education

level), smoking and drinking behaviors, earthquake exposure indicators, and outcome variables

(PTSD symptoms, DQ, and MI). Second, we tested correlations between the outcome and pre-

dictor variables and sociodemographic factors using Chi-square tests and t-tests. Third, Pearson
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correlation coefficient and Spearman rank correlation coefficient analysis were performed for

each outcome variable. A p value less than 0.05 was considered to be statistically significant.

Results

Demographics and socioeconomic status

All 86 women were married and had received at least 6 years of education (mean = 10.1 years).

The mean age of the 86 women was 29.3 years (range 18–40 years), and half were over 30 years

old. Overall, 60.46% lived in villages and 39.53% lived in cities. No significant differences were

observed in the proportions of low DQ and MI scores between the two maternal age groups

(p> 0.05). Similarly, no significant differences were observed between the two age groups of

fathers (p> 0.05). For DQ and MI scores, the proportions of scores less than 85 were not sig-

nificantly different between mothers with more or less than 9 years of education (p> 0.05),

and between mothers living in villages versus cities (p> 0.05) (Table 1).

Impact of timing and stage of pregnancy on DQ and MI of children

The ratio of low DQ and MI scores in children whose mother was pregnant before the earth-

quake were both 15.79%, and that in children whose mother was pregnant after the earthquake

was28.36% and 20.90%, respectively. The rates of DQ< 85 and MI< 85 were not significantly

different between the two groups whose mothers were pregnant before or after the earthquake

(p> 0.05). The results also showed that children whose mothers experienced the earthquake

in different trimesters of pregnancy did not show different proportions of low DQ and MI

scores (Table 1).

Impact of delivery type on DQ and MI of children

We explored whether obstetric factors might have confounded the interpretation of findings

with respect to the incidence of DQ< 85 and MI< 85. The proportions of low DQ and MI

scores in the normal delivery group were 32.35% and 18.42%, respectively, and in the caesar-

ean section group were 21.15% and 20.83%, respectively. The proportions of DQ< 85 and

MI< 85 were not significantly different between delivery types (p> 0.05) (Table 1).

DQ and MI by child age, gender, and birth weight

Among the 86 children, there were 54 boys and 32 girls. The mean DQ score was 98.59 ± 2.08,

and 22 DQ scores (18 boys and 4 girls) were less than 85 (25.6%). The mean MI score was

97.35 ± 1.64, and 17 MI scores (10 boys and 7 girls) were less than 85 (19.8%). The incidence

of DQ< 85 was 33.3% for boys, which was 12.50% higher than for girls (p< 0.05). The inci-

dence of MI< 85 was 18.52% among boys, which was not significantly different from the pro-

portion among girls (21.80%) (p> 0.05). The proportions of DQ < 85 and MI< 85 did not

differ significantly by child age (p> 0.05). The proportions of DQ< 85 differ significantly by

birth weight (p< 0.05) (Table 1).

Posttraumatic stress disorder (PTSD)

Among the 86 women, the mean score on the PCL-C was 38.55 ± 1.56, and 20.93% of scores

were equal to or greater than the cutoff of 50, defining PTSD. The incidence of DQ< 85 was

61.11% among children whose mothers’ PCL-C scores were above the cutoff, compared to

16.18% among children whose mothers’ scores were less than 50 (p< 0.01). However, the pro-

portion of MI< 85 (27.78%) among children whose mothers’ PTSD scores were equal to or

greater than 50 was not significantly different from the proportion for those with PTSD scores
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less than 50 (30.77%) (p> 0.05). Subsequent analyses showed that children whose mothers

had higher PTSD scores had lower scores on both the DQ and MI (p< 0.01, Table 2)

Correlations among maternal sociodemographic information, maternal

-related and child-related variables, PTSD, DQ, and MI

The Pearson correlation coefficient and Spearman rank correlation coefficient analysis showed

that PTSD was associated with mother’s age (r = 0.23, p< 0.05) such that older adults were at

Table 1. Chi-square statistics of socio-demographic, pregnancy-related and child-related characteristics for DQ and MI.

Variable DQ score<85(n,%) DQ score�85(n,%) P MI score<85(n,%) MI score�85(n,%) P

Mean value 78.45 113.14 83.91 117.84

Mother age

�30y 10(11.63) 33(38.37) 0.62 9(10.47) 34(39.53) 0.79

>30y 12(13.95) 31(36.05) 8(9.30) 35(40.70)

Education degree

�9years 8(9.30) 25(29.07) 0.82 11(12.79) 32(37.21) 0.18

>9years 14(16.28) 39(45.35) 6(6.98) 37(43.02)

Husband’s age

�30years 10(11.63) 30(34.88) 0.91 8(9.30) 30(34.88) 0.80

>30years 12(13.95) 34(39.53) 9(10.47) 39(45.35)

Living situation

Village 13(15.12) 39(45.35) 0.88 11(12.79) 48(55.81) 0.70

City 9(10.47) 25(29.07) 6(6.98) 21(24.42)

Delivery times

primiparae 10(11.63) 34(39.53) 0.54 5(5.81) 18(20.93) 0.78

multiparae 12(13.95) 30(34.88) 12(13.95) 51(59.30)

Delivery type

Normal delivery 11(12.79) 23(26.74) 0.25 7(8.14) 31(36.05) 0.78

Caesarean section 11(12.79) 41(47.68) 10(11.63) 38(44.18)

Time of conceive

Before earthquake 3(3.49) 16 (18.61) 0.27 3(3.49) 16(18.61) 0.62

After earthquake 19(22.09) 48(55.81) 14(16.28) 53(61.62)

Trimester of pregnancy

First trimester 1(5.26) 4(21.06) 0.96 2(10.53) 3(15.79) 0.16

Second trimester 1(5.26) 6 (31.58) 0(0.00) 8(42.15)

Third trimester 1(5.26) 6(31.58) 1(5.26) 5(26.33)

Children’s gender

Male 18(20.93) 36(41.86) 0.03 10(11.63) 44(51.16) 0.71

Female 4(4.65) 28(32.56) 7(8.14) 25(29.07)

Children’s birth weight

�2500g 5(5.81) 31(36.05) 0.04 6(6.98) 24(27.91) 0.97

>2500g 17(19.77) 33(38.37) 11(12.79) 45(52.32)

Children’s age

0–1 3(3.49) 11(12.79) 0.23 2(2.33) 15(17.44) 0.37

1–2 7(8.14) 13(15.12) 4(4.65) 10(11.63)

2–3 9(10.47) 29(20.93) 8(9.30) 28(32.56)

3–4 3(3.49) 16(25.57) 3(3.49) 16(18.60)

Notes: MI = mental index; DQ = development quotient.

doi:10.1371/journal.pone.0168747.t001
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greater risk for developing posttraumatic sequelae than younger adults. PTSD scores were also

inversely related to DQ and MI scores (r1 = -0.78, r2 = -0.54, p< 0.05). The results also showed

that DQ and MI scores were associated with gender (r1 = -0.20, r2 = -0.23, p< 0.05), such that

boys had obtained lower scores than girls. The results also suggested that DQ and MI scores

were associated with trimester of pregnancy when the earthquake occurred, meaning that

when the earthquake occurred, the later the trimester of the pregnancy, the higher the DQ and

MI score (Table 3).

Discussion

PTSD is the most commonly studied and most frequent and serious psychological disorder

that occurs after traumatic events or disasters [24]. In women of childbearing age, pregnancy

may increase sensitivity to the impact of disaster and increase the risk of PTSD following

severe trauma [25] or rekindle or exacerbate the disorder [26]. Goenjian et al. provided further

evidence that those exposed to severe trauma, including earthquake trauma, had high PTSD

scores that did not remit over the next 1–5 years [27]. Earthquakes allow us to study the effects

of a single major psychological event that is randomly distributed across pregnant women.

The prevalence of maternal PTSD was 20.93% four years after the earthquake, which was

higher than PTSD rates recorded among women by Qu eighteen months after the earthquake

Table 2. Chi-square statistics for PTSD, DQ, and MI scores

Variable DQa score < 85 (n, %) DQ score� 85 (n, %) p MIb score < 85 (n, %) MI score� 85 (n, %) p

PTSDc score

�50 11 (12.79) 57 (66.28) <0.01 12 (13.95) 56 (65.12) 0.34

>50 11 (12.79) 7 (8.14) 5 (5.81) 13 (15.12)

aDevelopment quotient
bMental index
cPost-traumatic stress disorder

doi:10.1371/journal.pone.0168747.t002

Table 3. Correlation coefficients between all outcome and predictor variables

Variable (RP) 1 2 3 4 5 6 7 8 9 10 11 12 13

1 Mother’s Age -

2 Education -0.00 -

3 Father’s age 0.03 0.01 -

4 Child’s gender -0.01 0.03 0.06 -

5 Child’s birth weight -0.01 0.00 0.01 0.04 -

6 Child’s age 0.01 0.07 0.02 0.01 0.09 -

7 Delivery type -0.01 0.65* 0.03 0.08 0.03 0.02 -

8 Gestational age -0.01 0.01 0.03 0.01 0.03 0.08 0.02 -

9 PTSDa score 0.23* 0.09 0.07 0.09 0.04 0.07 0.01 0.08 -

10 DQb -0.01 0.05 0.08 -0.20* 0.06 0.09 0.02 0.08 -0.78* -

11 MIc -0.02 0.06 0.09 -0.23* 0.00 0.01 0.04 0.01 -0.54* 0.57* -

12 Trimester of pregnancy 0.09 0.12 0.14 -0.08 0.05 0.0854 0.09 0.01 0.02 0.68* 0.79* -

13 Conception before earthquake 0.03 -0.07 0.04 0.06 0.07 -0.04 0.05 0.00 0.10 0.08 -0.04 0.03 -

aPost-traumatic stress disorder
bDevelopment quotient
cMental index

*p < 0.05

doi:10.1371/journal.pone.0168747.t003
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(12.20%) and lower than the rate reported by Kuu 3 months after the earthquake (50.70%)

[12,28]. In line with previous research, our findings suggested that older individuals were at

greater risk for developing posttraumatic sequelae than younger adults; we also found that

PTSD showed a significant correlation with age of the mother [29]. The reason for the differ-

ence between the observed rate of maternal PTSD in this study compared to other studies is

unclear. However, it should be pointed out that geographical diversity, varying earthquake

intensity, investigation period, sample selection procedures, and particularly participant age

and different PTSD assessment methods across studies make it difficult to derive an estimate

of the expected morbidity and risk factors of mental health consequences following earthquake

disasters. Many previous studies found that other psychological disorders and their symptoms,

such as depression, would arise along with PTSD and interact with each other among pregnant

women and new mothers after natural or manmade disasters [10,30,31].

A work had reported on the effects of prenatal maternal stress caused by natural and man-

made disasters on cognitive development, as well as language and motor abilities of their chil-

dren. In a major study of women in Quebec, Canada who were pregnant during a major ice

storm, greater prenatal stress of the mother predicted higher Autism Spectrum Screening

Questionnaire scores in 6½-year-old children independent of potential confounds [32]. A sim-

ilar study of the same ice storm clearly indicated that high levels of objective hardship and/or

subjective prenatal maternal stress were associated with lower motor scores in children [33].

This study investigated the impact of the Ningqiang earthquake on the mental development of

children born after the earthquake, over a period of 4 years. The data suggested that children

whose mothers conceived before or after earthquake had lower scores on the DQ and MI.

Likewise, those exposed to flooding or tornadoes also show similar effects, for example, some-

what lower math scores [34]. Although genetics and stress in the postpartum period clearly

affect these outcomes for offspring, evidence for an additional prenatal causal component is

substantial, based on studies of cross-fostered animals and children born after in-vitro fertili-

zation [35,36], which establish that prenatal stress can have a direct effect on child develop-

ment outcomes. However, not all studies have demonstrated such an association, and among

those that have, not all have reported that mothers’ negative psychological states are related to

pregnancy outcomes or children’s development [37,38]. Sometimes, results show a counter-

intuitive relation between maternal stress and cognitive outcomes of infants [39,40]. Thus,

based on these contradictory findings, further investigation of the specific characteristics of

stressors that either accelerate or impair children’s development is needed.

We reported a significant association between maternal PTSD after the earthquake and low

DQ and MI scores in children. A study of women exposed to the World Trade Center attacks

on 11 September 2001 and their fetuses indicated that post-traumatic stress symptomatology

in mothers was associated with longer gestational periods and decrements in infant head cir-

cumference at birth [41]. Among previous studies, inconsistent and even controversial rela-

tionships have been reported between PTSD and children’s development. The “Project Ice

Storm” study found that children born to Quebec women who were pregnant during the

major ice storm had poorer intellectual and language development at 2 years of age and these

adverse effects were shown to persist until the child was 5.5 years old; however, the outcome

had no association with subjective stress such as PTSD [42,43]. Reasons for these varying and

sometimes contradictory stress outcomes are only just starting to be uncovered. Retrospective

assessments of stress, potential covariates of prenatal stress, use of different instruments for

assessing pregnant women and children, disaster types, trimester of exposure, intensity, and

other biological factors could be potential factors.

The present study showed that the earthquake occurring during different trimesters of ges-

tation did not have a different influence on children’s mental development. This result is
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different from previous research about childhood schizophrenia, which showed fetal sensitivity

during early pregnancy [44, 45]. Previous research with adults suggested that being exposed to

stress as a fetus because of famine during the first trimester of pregnancy was related to poor

performance in terms of selective attention and cognitive ability, and self-reported mild-to-

severe anxiety as an adult [46, 47]. Another study of women exposed to the Arab-Israeli war of

1967 indicated that the incidence of schizophrenia in their offspring who were in the middle

term of fetal life was increased [48]. Other research has shown that persons exposed to stress

during the second trimester of pregnancy are vulnerable to becoming mentally ill [49,50]. In

present work, we found an association between DQ and MI scores and the trimester of preg-

nancy. This correlation suggested a trend, such that the earlier trimester of the pregnancy, the

greater the negative impact was on children’s mental development.

Another potential concern is the possibility that exposure to a disaster affects child develop-

ment differently by gender. A previous study found that among children with prenatal expo-

sure to the ice storm, girls performed better than boys with respect to motor development.

However, boys’ performance did not change as a function of timing of the exposure, while

girls’ performance became poorer as the exposure to stress was later in the pregnancy [33].

Some studies aimed at adults suggested that men who suffered from famine as fetuses during

the first trimester scored lower on conscientiousness and higher on depression and anxiety. In

contrast, women who suffered stress during the same fetal period scored higher on agreeable-

ness [46,51]. Similar results were also found in research on the relationship between prenatal

maternal stress and affective disorders [49,50]. These findings are similar to those from studies

conducted with animals, which indicate that prenatal stress increases anxiety and depressive

behavior to a greater extent in female offspring, while it leads to poor learning and cognitive

development [52], and decreased learning capability and memory retrieval more in males [53].

The present findings indicated that lower DQ scores and incidence among boys were statisti-

cally higher than those among girls. The Pearson correlation coefficient analysis showed that

DQ and MI scores were associated with gender, such that boys had a greater proportion of

scores below the cutoff than girls.

It is necessary to note, however, that some study limitations exist. In particular, the sample

size of our study was relatively small, which limited statistical power to detect statistical signifi-

cance in associations, and limits generalizability to the general population. Moreover, assess-

ments of stressors were carried out nearly 4 years after the earthquake, and problems with

recollection of the events, such as life difficulties, may have reduced the stability of women’s

responses. Finally, the current study did not account for other emotional disorders, such as

depression, which may be linked to children’s development outcomes.

However, although such limitations existed, the strength of the present study was the use of

reliable and effective screening instruments such as the DST. The DST has a lower misdetection

rate (8%) than that of the Denver Developmental Screening Test (50%) [54], and assesses chil-

dren’s mental development comprehensively and continuously. In summary, this study con-

ducted several levels of analyses and identified associations between maternal prenatal stress

related to an earthquake and poor childhood mental development. We suspect that mothers suf-

fering from PTSD may have children with disturbed fetal neurodevelopment, thereby influencing

their neurobehavioral capacities in early childhood, and perhaps persisting throughout adulthood.

The data from the present study indicated different impacts of maternal stress on boys and

girls, suggesting the importance of the investigation of sex-specific patterns of sensitivity to

prenatal stress and their potential biological mechanisms. For the purpose of reducing poor

mental development outcomes among children during and after severe disaster events, follow-

up studies on this topic should also focus on the minimization of pregnant women’s exposure

to negative events and the long-term effects of earthquake disasters on children.
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