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Abstract
Background: The study sought to determine the effects of earthquake on the work-
ing memory of adults who experienced earthquake either as infants or fetuses and 
also investigates whether earthquake exposure and corticotropin‐releasing factor re-
ceptor 1 (CRHR1) variants rs242924 and rs7209436 interacted with each other in 
modulating working memory.
Methods: We enrolled subjects who experienced the Tangshan Earthquake as fetuses 
(group I) or infants (group II), as well as those who did not experience the earthquake 
(group III). Their working memory was measured using Brief Visuospatial Memory 
Test‐Revised (BVMT‐R) and Hopkins Verbal Learning Test‐Revised (HVLT‐R). 
Two single‐nucleotide polymorphisms (SNPs) of CRHR1 rs242924 and rs7209436 
were analyzed by fluorescence quantitative polymerase chain reaction (PCR).
Results: The study enrolled 535 subjects, including 172 subjects in group I, 176 
subjects group II, and 187 subjects in group III. Both group I and II had significantly 
lower BVMT‐R scores than group III (p <  .05). Moreover, no difference was ob-
served in HVLT‐R scores among the three groups (p > .05). The allele frequency 
was 84.7% for AA, 82.8% for TT, 13.6% for AC, and 15.9% for TC. C gene carriers 
in group II (t = −4.231, p < .01) and group I (t = −3.201, p < .05) had significantly 
lower visual spatial memory scores than group III. Furthermore, AT gene carriers 
had significantly lower visual spatial memory scores than C gene carriers in group III 
(t = 2.215, p < .05). Moreover, there was significant interaction between earthquake 
exposure and CRHR1 genotype in their effects on visual spatial memory (F = 4.028, 
p < .05).
Conclusions: Our cross‐sectional study has demonstrated that infant or fetus ex-
posure to earthquake impairs visual spatial memory during adulthood and CRHR1 
polymorphisms and earthquake exposure may interact with each other to accentuate 
this impairment.
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1 |  INTRODUCTION

Childhood stress and trauma significantly influence the risk 
of adult psychopathology and can have lasting effects on 
the hypothalamic‐pituitary‐adrenal (HPA) axis (McEwen, 
2003). Corticotropin‐releasing hormone (CRH) is the main 
mediator of stress response and mainly exerts its biologi-
cal actions by binding to CRH receptor 1 (CRHR1; Yang 
et al., 2010), a G protein‐coupled receptor localized in the 
frontal cortical areas, forebrain, brainstem, amygdala, cer-
ebellum, and the anterior pituitary (Steckler & Holsboer, 
1999). CRHR1 plays a key role in the regulation of the HPA 
axis in response to stressful events. CRHR1 single‐nucle-
otide polymorphism (SNP) has been shown to be associ-
ated with posttraumatic stress symptoms in disaster adult 
victims (White et al., 2013) and with longitudinal trajectory 
of trauma symptoms over time in pediatric injury patients 
(Amstadter et al., 2011).

The brain processes and temporarily stores informa-
tion necessary for language comprehension, visual image 
manipulation, reasoning, learning, and information in-
tegration, and uses the information as working memory. 
Working memory consists of a central execution system, 
a voice loop system, and a visual space storage system. 
The visual space storage system, also called visual space 
memory, is an important part of working memory, and 
mainly handles some visual spatial information (Aben, 
Stapert, & Blokland, 2012). CRHR1 variants, including 
rs242924 and rs7209436, also have effects on working 
memory (Bradley et al., 2008; Grimm et al., 2015), and in-
teract with childhood trauma in modulating working mem-
ory function (Fuge et al., 2014). Our previous study has 
revealed that fetal exposure to cataclysmic earthquake re-
duces abstract thinking ability subsequently in life (Nelson 
et al., 2007); other investigators have also found that fetal 
exposure to earthquake impairs executive function and 
working memory during adulthood (Gao, Wang, & Wang, 
2016; Li, Zhao, & Wang, 2015; Wang, Zhang, & Zhang, 
2001). However, no study is yet available on the effect of 
early experience of cataclysmic earthquake on the working 
memory of adults as well as the role of, if any, CRHR1 
variants in the process.

The Tangshan Earthquake struck the city of Tangshan, 
Hebei province, China on 28 July 1976 with a magnitude of 
7.8 and killed approximately a quarter million people and se-
verely injured 160,000 people. In the current cross‐sectional 
study, we sought to determine the effects of earthquake on 
the working memory of adults who experienced the traumatic 
event either as infants or fetuses and also investigate whether 
earthquake exposure and CRHR1 variants rs242924 and 
rs7209436 interacted with each other in modulating working 
memory.

2 |  SUBJECTS AND METHODS

2.1 | Subjects
The study protocol was approved by the ethics committee 
of the First Affiliated Hospital of Hebei Medical University, 
Shijiazhuang, Hebei, China (No. 2,014,005). Written in-
formed consent was provided by all the study participants.

The current study was carried out between January and 
December 2014 and enrolled subjects who experienced the 
earthquake as infants (born between 29 July 1975 and 28 
April 1976) or fetuses (born between 29 July 1976 and 28 
April 1977), and those who did not experience the earthquake 
(born between 29 July 1977 and 28 April 1978). We included 
those who had resided in Tangshan since birth. Furthermore, 
only subjects whose genomic DNA was available for CRHR1 
genotyping were included. We excluded pregnant or lactating 
women, subjects with active infection, hypertension, epilepsy 
or convulsions, diabetes, thyroid disease, alcohol use, and his-
tory of trauma other than earthquakes. We also excluded sub-
jects with a recent or previous diagnosis of mental illness or 
neurological diseases and other diseases affecting cognitive 
function. Persons with incomplete data or who did not under-
stand instructions or were not cooperative were also excluded.

2.2 | Subject assessment
The study participants were asked to complete a question-
naire that elicited data on sociodemographic variables, preg-
nancy history including experiences by the mothers during 
the earthquake, birth history, previous history of the subjects, 
and their family history. Furthermore, mental illness was 
evaluated using DSM‐IV Structured Clinical Interview for 
DSM‐IV‐TR Axis I Disorders‐Patient Edition (SCID‐I/P; Li, 
Zhou, & Hu, 2004).

Childhood Trauma Questionnaire (CTQ; Fu, Yao, & Yu, 
2005) was used to assess the trauma experience of subjects 
before the age of 16  years. The CTQ has been validated 
for use in the Chinese population and consists of 28 items 
(Jiang et al., 2018); there are five items for each of five 
domains: emotional neglect, physical neglect, emotional 
abuse, physical abuse, and sex abuse, and three items for 
the tendency to minimize/deny. Each item assesses the fre-
quency of trauma experience by using a 5‐point Likert‐type 
response, ranging from 1 = never to 5 = very often. The 
total score of each domain ranges from 5 to 25. The Life 
Event Scale (LES; Zhang, Fan, & Cai, 1987) was used to 
assess traumatic events after subjects turned 16  years of 
age. The LES has been validated for use in the Chinese 
population and was used to measure the scale of stressful 
events, including loss of family members and houses during 
the earthquake.
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Sleep was evaluated using the Pittsburgh Sleep Quality 
Index (PSQI; Liu, Tang, & Hu, 1996), which has been vali-
dated in Chinese subjects (Tsai et al., 2005). The PSQI has 
seven domains, including subjective sleep quality, sleep la-
tency, sleep duration, habitual sleep efficiency, sleep distur-
bances, use of sleep medication, and daytime dysfunction 
over the last month. Answers in each domain are scored 
using a 0 to 3 scale, whereby 3 reflects the negative extreme 
on the Likert scale and the range of the global sum is 0 to 
21. The PSQI score above 7 is defined as sleep disturbance. 
Furthermore, the Hamilton Anxiety Scale (HAMA; Zhang 
& He, 2015) was used to assess anxiety and a HAMA score 
above 7 indicates probable/definite anxiety. In addition, the 
Hamilton Depression Scale (HAMD; Zhang & He, 2015) 
was used to assess depression and a HAMD score above 7 
indicates probable/definite depression.

2.3 | Working memory tests
Hopkins Verbal Learning Test‐Revised (HVLT‐R) was used 
to test the ability to learn, instantly recall word information, 
and maintain recognition. Higher HVLT‐R scores indicated 
better memory retention. Furthermore, Brief Visuospatial 
Memory Test‐Revised (BVMT‐R) was used to test instanta-
neous recall, learning rate, and retention ability of the visual 
space (Zou, Cui, & Wang, 2009).

2.4 | Genotyping
Five milliliter peripheral blood was taken of each subject after 
an overnight fast. Genomic DNA (10 ng) was extracted using 
a commercially available kit (Tiangen Biotech) as instructed 
by the manufacturer. The Chinese Han population typing data 

were downloaded from the HapMap (http://www.hapmap.org) 
database and selected according to the principle of minimum 
allele frequency (MAF) >0.05 and linkage disequilibrium co-
efficient (r2) > 0.8. Two SNPs, rs242924 and rs7209436, of 
CRHR1 were selected and analyzed by fluorescence quanti-
tative polymerase chain reaction (PCR) as instructed by the 
manufacturer (Tiangen Biotech). Subjects with the rs242924 
AA and rs7209436 TT alleles were classified as AT allele car-
riers and subjects with homozygous and heterozygous C al-
leles were classified as C allele carriers (Fuge et al., 2014).

2.5 | Statistical analysis
SPSS 22.0 software (SPSS Inc.) was used for statistical anal-
ysis. Data were represented by mean  ±  SD. Non‐normally 
distributed data were expressed by median (interquartile 
range, IQR). One‐way ANOVA was used for comparison 
among multiple groups. Countable data were compared by 
Chi‐squared test and p < .05 was considered statistically dif-
ferent; gender was used as a covariate; using a two‐factor 
factorial design, we carried out variance analysis to analyze 
whether the determinants of working memory (seismic stress 
and genotyping) interacted with each other.

3 |  RESULTS

3.1 | Sociodemographic and baseline 
characteristics of the study population
The study flowchart is shown in Figure 1. The current study 
enrolled 1,534 subjects. Totally 1,328 (86.6%) question-
naires were effective. About 728 subjects were excluded 
because their genomic DNA was not available for analysis. 

F I G U R E  1  The study flowchart

http://www.hapmap.org
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Twenty‐four subjects were not included because CRHR1 
rs242924 orrs7209436 was not genotyped and 41 subjects 
with incomplete data were also excluded. Finally, 535 sub-
jects were included in the current study. They included 172 
subjects who experienced the earthquake as fetuses (50 fe-
tuses experienced the earthquake in the first trimester, 59 
in the second trimester, and 63 in the third trimester), 176 
subjects who experienced the earthquake as infants, and 187 
subjects who did not experience the earthquake. The majority 
(85.05%) of the study subjects were male. Moreover, 13.46% 
of the subjects had sleep problems, 5.42% of them had anxi-
ety, and 0.75% of them had depressive symptoms. The mean 
CTQ score was 33.5 ± 7.7 and the median LES score was 18 
(IQR: 3, 36) for the study population. The three groups were 
comparable in the sociodemographic and baseline variables 
(p > .05) except age (Z = 397.404, p < .01; Table 1).

3.2 | BVMT‐R and HVLT‐R scores
Subjects who experienced the earthquake as infants 
had significantly lower BVMT‐R scores versus the con-
trol group (t  =  −2.517, p  =  .012; Figure 2a). Subjects 
who experienced the earthquake as fetuses also had 

significantly lower BVMT‐R scores versus the control 
group (t = −1.982, p = .048). There was no significant dif-
ference in BVMT‐R scores between subjects who experi-
enced the earthquake as infants and those who experienced 
the earthquake as fetuses (p > .05). Furthermore, subjects 
who experienced the earthquake as fetuses in the second 
trimester had significantly lower BVMT‐R scores versus 
the control group (p <  .05) while there was no statistical 
difference in BVMT‐R scores between those who experi-
enced the earthquake in the first or third trimester and the 
control group (p > .05; Figure 2a).

Moreover, there was no difference in HVLT‐R scores 
among subjects who experienced the earthquake as fetuses or 
infants and the control group (p > .05; Figure 2b). There was 
also no significant difference in HVLT‐R scores among sub-
jects who experienced the earthquake as fetuses in the first, 
second, and third trimester (p > .05; Figure 2b).

3.3 | CRHR1 polymorphisms and visual 
spatial memory
Totally 535 subjects were analyzed for CRHR1 polymor-
phism at rs242924 and rs7209436. The distribution of both 

T A B L E  1  Sociodemographic and baseline characteristics of the study subjects

 
Earthquake exposure when 
infants

Earthquake exposure when 
foetuses

Control group/Earthquake expo-
sure when one years old p

N 176 172 187  

Male gender, n (%) 149 (84.7) 151 (87.8) 155 (82.9) .422

Mean age, years ± SD 40.0 ± 1.0 39.0 ± 1.0 38.0 ± 1.0 .000

Years of education, n (%)

<6 2 (1.1) 1 (0.6) 4 (2.1) .310

6–12 137 (77.8) 131 (76.2) 130 (69.5)  

>12 37 (21.0) 40 (23.3) 53 (28.3)  

Mean CTQ 
score ± SD

33.3 ± 7.9 33.5 ± 7.9 33.8 ± 7.5 .832

Mean LES score 
(IQR)

17 (3,37) 19 (5,34) 18 (2,41) .977

Sleep problems, n (%)

Yes 25 (14.2) 25 (14.5) 22 (13.4) .947

Anxiety symptoms, n (%)

Yes 9 (5.2) 7 (4.0) 13 (7.0) .453

Depressive symptoms, n (%)

Yes 1 (0.6) 1 (0.6) 2 (1.1) .818

Property loss, n (%)

Yes 59 (33.5) 63 (36.6) 67 (35.8) .819

Mother buried under rubles, n (%)

Yes 17 (9.7) 11 (6.4) 21 (11.2) .273

Casualties among relatives of the mothers, n (%)

Yes 39 (22.2) 34 (19.8) 36 (19.3) .767

Abbreviations: CTQ, child trauma questionnaire; LES, life event scale.
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SNPs in the study population was in Hardy–Weinberg equi-
librium. The allele frequency was 84.7% for AA, 82.8% for 
TT, 13.6% for AC, and 15.9% for TC (Table 2). Moreover, 
80.4% subjects were AT gene carriers and 19.6% subjects 
were C gene carriers. According to high linkage disequilib-
rium, occurrence of the C allele in these two SNPs was as-
sociated. The combined allele frequency was 80.4% for AA/
TT and 11.0% for AC/TC (Table 3). C gene carriers who ex-
perienced the earthquake as infants (t = −4.231, p < .01) and 
those who experienced the earthquake as fetuses (t = −3.201, 

p < .05) had significantly lower visual spatial memory scores 
than those who did not experience the earthquake (Figure 3). 
Furthermore, AT gene carriers had significantly lower visual 
spatial memory scores than C gene carriers who did not ex-
perience the earthquake (t = 2.215, p < .05).

3.4 | Interactive effects of earthquake 
exposure and CRHR1 genotypes on visual 
spatial memory
We found significant interaction between earthquake expo-
sure and CRHR1 genotype in their effects on visual spatial 
memory (F = 4.028, p < .05; Table 4). Gender was a covari-
ate but showed no significant effect on visual spatial memory 
(p > .05). The effects of different levels of CRHR1 genotypes 
were further analyzed. At the level of C allele, subjects who 
experienced the earthquake as infants or fetuses had signifi-
cantly lower BVMT‐R scores than those who did not expe-
rience the earthquake (p <  .01). Meanwhile, at the level of 
AT allele, no statistical difference was observed in BVMT‐R 
scores among the three groups (p > .05; Table 5).

4 |  DISCUSSION

Our study showed that people who experienced earthquake as 
fetuses and infants had significantly lower BVMT‐R scores 

F I G U R E  2  Brief Visuospatial Memory Test‐Revised (BVMT‐R) 
and HVLT‐R scores. (a) BVMT‐R and HVLT‐R scores in the three 
groups. (b) BVMT‐R and HVLT‐R scores stratified by trimester of 
subjects who experienced the earthquake as fetuses. *P < 0.05

(a)

(b)

T A B L E  2  Hardy–Weinberg equilibrium of CRHR1 rs242924 and 
rs7209436 (n = 535)

SNP

Minor 
Allele/
Major 
Allele MAF

HWE,  
P Value Genotypes N (%)

rs242924 C/A 0.09 0.91 AA 453 (84.7)

AC 73 (13.6)

CC 9 (1.7)

rs7209436 C/T 0.10 0.90 TT 443 (82.8)

TC 85 (15.9)

CC 7 (1.3)

Abbreviations: HWE, Hardy–Weinberg equilibrium; MAF, minor allele fre-
quency; SNP, single‐nucleotide polymorphism.

T A B L E  3  Combined frequencies of CRHR1 rs242924 and 
rs7209436 alleles

 

rs242924, n (%)

AA AC CC

rs7209436, n (%)

TT 430 (80.4) 12 (2.2) 1 (0.2)

TC 21 (3.9) 59 (11.0) 5 (0.9)

CC 2 (0.4) 2 (0.4) 3 (0.6)

F I G U R E  3  CRHR1 polymorphisms and visual spatial memory. 
*P < 0.05
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than those who did not experience the earthquake. Subgroup 
analysis further revealed that exposure to earthquake in the 
second trimester significantly lowered the BVMT‐R scores, 
which were not observed in those experiencing the earth-
quake in the first or third trimester. By contrast, we observed 
no difference in HVLT‐R scores among the three groups. In 
addition, significant interaction was present between earth-
quake exposure and CRHR1 genotype in their effects on 
visual spatial memory. Our study indicates that traumatic 
experience in the fetal period, particularly in the second tri-
mester, may selectively compromise visual spatial memory 
of adults.

The cataclysmic 1976 Tangshan Earthquake caused in-
delible mental trauma to the residents of Tangshan, and had 
a long‐lasting impact on the mental state of people resid-
ing in the disaster area at the time and compromised the 
development of the nervous system of the offspring (Wang 
et al., 2001). In the present study, working memory tests 
were performed 38 years after the traumatic event. The tests 
revealed that exposure to earthquake at infancy and during 
the fetal period significantly impaired visual spatial mem-
ory of adults approximately 40 years after the seismic event, 
suggesting that earthquake exposure may lead to a subse-
quent loss of immediate recall and learning in visual spatial 
memory. Earthquake stress may increase the level of stress 
hormones in the pregnant mother, which pass through the 
placenta and affect the development of the fetal HPA axis 

and/or cortisol receptors. In infancy, the traumatic event 
may overwhelm the stress response of the maturing brain; 
besides, the activation or inhibition pathway of the para-
ventricular nucleus of the hypothalamus and the feedback 
mechanism of glucocorticoids in infants are still in a deli-
cate state and vulnerable to excessive stress. Our previous 
study found that subjects who were exposed to earthquake 
during the fetal period had markedly lower abstract thinking 
ability on Raven's test performed 18  years later (Wang et 
al., 2001), indicating that early trauma experience may im-
pact on subsequent cognitive function. We found that sub-
jects who experienced earthquake in the second trimester 
had the greatest decline in visual spatial memory compared 
with those experiencing the earthquake in the other two tri-
mesters, suggesting that there might be a critical sensitive 
period in the fetus. The second trimester is an active period 
in the fetal brain, and the myelin sheath of the fetus forms 
at this stage and continues to form until 1 year after birth.

Early trauma is one of the risk factors for working mem-
ory deficits in adulthood (Hsu et al., 2012). However, only 
some adults who have experienced early trauma have cog-
nitive impairment, and genetic factors may be the basis of 
cognitive impairment. A previous study analyzed the effects 
of CRHR1 SNPs rs110402 and rs242924 on working mem-
ory of 451 healthy subjects. It was found that homozygous 
GG genotype was a high risk for working memory in child-
hood trauma subjects, while AT allele carriage can affect 

T A B L E  4  Interactive effects of earthquake exposure and CRHR1 genotypes on visual spatial memorya

Sources Type III sum of squares Degree of freedom Mean square F p

Corrected model 965.685 6 160.947 2.690 .014

Cutoff 27,762.602 1 27,762.602 464.097 .000

Sex 38.975 1 38.975 0.652 .420

Genotype 848.742 2 424.371 7.094 .001

Earthquake exposure 32.061 1 32.061 0.536 .464

Genotype * earthquake exposure 481.944 2 240.972 4.028 .018
aBVMT‐RT is used as a dependent variable. 
*Interaction of two factors. 

T A B L E  5  Effects of different levels of CRHR1 genotypes on visual spatial memorya

Genotype
1 = AT,
2 = C

(I) 1 = infant exposure; 
2 = fetus exposure, 3 = no 
exposure

(J) 1 = infant exposure; 
2 = fetus exposure, 
3 = no exposure

Difference in 
mean (I‐J) SME p

95% CI

Lower limit Upper limit

1 1 2 −0.229 0.924 .993 −2.443 1.985

3 −1.209 0.920 .467 −3.413 0.995

2 3 −0.980 0.900 .622 −3.136 1.176

2 1 2 −0.426 1.867 .994 −4.897 4.045

3 1 6.425 1.721 .001 2.303 10.548

2 5.999 1.943 .006 1.346 10.652
aBVMT‐RT is used as a dependent variable. 
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working memory only upon exposure to severe childhood 
trauma (Fuge et al., 2014). Our results showed that CRHR1 
C genotype carriers who experienced earthquake as infants 
or fetuses had significantly lower visual spatial memory 
levels than those who did not experience earthquake, sug-
gesting that CRHR1 C genotype confers a risk of future vi-
sual spatial memory impairment, which is consistent with 
the study by Fuge et al. (2014). The mechanism whereby 
rs242924 and rs7209436 affect CRHR1 function is still un-
clear. CRHR1 SNPs may affect the metabolic activities of 
the cortical limb system and CRHR1 regulation, resulting in 
impaired working memory of C genotype carriers, increased 
sensitivity to neuroendocrine changes, and reduced oxygen 
dependence in the dorsolateral cortex of the prefrontal cor-
tex and cingulate gyrus (Grimm et al., 2015; Vijayakumari, 
Thomas, Menon, & Kesavadas, 2018). These findings to-
gether suggest that CRHR1 SNPs may be markers of subse-
quent working memory impairment in early trauma victims.

The study showed that the visual spatial memory of C 
gene carriers in the fetal‐ and infancy‐exposed groups was 
lower than that in the control group. The interaction be-
tween early traumatic and susceptible genotypes had signif-
icant effects on visual spatial memory, suggesting that early 
earthquake trauma and CRHR1 vulnerable genotype inter-
action may be the main reason for subsequent impairment of 
visual spatial memory. Our findings indicate that not all in-
dividuals experiencing early trauma are at increased risk of 
subsequent impairment of working memory in adulthood, as 
both genetic and environmental factors may work together 
to impact on self‐regulation and cumulative life events.

The study has several limitations. The majority of the 
study population was male because most of our subjects were 
miners. Furthermore, we need to further expand the sample 
size to explore the genetic and neurobiological pathways of 
impaired working memory by combining with neuroimaging 
techniques or other biological indicators such as brain‐de-
rived factors, and cortisol, and further explore the mecha-
nisms of early traumatic regulation of brain neural activity.

In conclusion, our cross‐sectional study has demonstrated 
that infant or fetus exposure to earthquake impairs visual spa-
tial memory during adulthood and CRHR1 polymorphisms 
and earthquake exposure may interact with each other to ac-
centuate this impairment.
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