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Abstract

Background: Posttraumatic Stress Disorder (PTSD) is a psychiatric disorder
found in individuals afflicted by a traumatic event including the natural dis-
aster. “T'sunami” occurred in Andaman coast of Thailand on December 26,
2004, in which 33.6% of survivors were diagnosed as PTSD. This study aimed
to explore the single nucleotide polymorphism (SNP). rs267943 genotype is
located on chromosome 5 in the intron of the death-associated protein 1
(DAP1) gene and psychosocial factors for PTSD. Methods: Participants (N =
1970) were recruited from volunteers who have complete data both of DAP1
gene and psychosocial factor. Results: Using a binary logistic regression
model, significant gene-environment interactions were found for the single
nucleotide polymorphism (SNP) rs267943 and psychosocial factors including
depression (adj. OR = 6.0, 95% CI = 4.29 - 8.39), neurotic personality (adj.
OR = 2.73, 95% CI = 2.18 - 3.42), planning (adj. OR = 1.52, 95% CI = 1.20 -
1.93), use of emotional support (adj. OR = 1.32, 95% CI = 1.21 - 1.94) with
statistical significant p < 0.001 and self-distraction (adj. OR = 1.52, 95% CI =
1.15 - 1.85) with statistical significant p < 0.05. Conclusion: This study dem-

DOI: 10.4236/0jgen.2019.93005  Sep. 4, 2019 65

Open Journal of Genetics


https://www.scirp.org/journal/ojgen
https://doi.org/10.4236/ojgen.2019.93005
http://www.scirp.org
https://doi.org/10.4236/ojgen.2019.93005

N. Thavichachart et al.

Copyright © 2017 by author(s) and
Scientific Research Publishing Inc.

This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

onstrated that GxE studies can be utilized to shed light on the origins of
PTSD.
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1. Introduction

Acute Stress Disorder (ASD) is one of the forms of traumatic stress which can be
developed immediately, following exposure to a traumatic stressor, including,
natural disasters. Survivors experience unwanted, uncontrollable memories of
the event that gave rise to physical and emotional responses. When the symp-
toms with intrusion, avoidance and hyperarousal persist for a month, individu-
als with ASD will subsequently develop posttraumatic stress disorder (PTSD).
Re-experiencing traumatic events, emotional avoidances, mood swings and in-
creased arousals are the characteristics of PTSD. The prevalence of the PTSD
ranges from ~0% to 50%, depending on the type of traumatic events, social eco-
nomic status, environmental stressors and genotypic makeups.

Although etiology and pathogenesis of PTSD are not clear to date, evidence
implies that the development of the PTSD can be influenced by both genetic and
environmental factors. Substantial progress has been made in the area of psy-
chiatric genetics in which previously reported loci, including ANKRD55 [1],
PRTFDCI1 [2], lincRNA AC068718.1 [3], ADCYAPI1RI [4], RORA [5] have been
identified for PSTD. In fact, there is a shared genetic which influences between
PTSD and other psychiatric disorders, indicating the potential genetic risk with
PTSD [6]. On the other hand, distinct environmental factors that are not shared
by all PTSD patients are responsible for pathogenesis of PTSD disorder includ-
ing serious road accidents, violent personal assaults, traumatic births, prolonged
sexual abuses, witnessing violent deaths, military combats, being held hostages,
terrorist attacks, natural disasters, diagnosis of a life-threatening condition and
an unexpected severed injuries or deaths of a close family member or friend. The
severity of PTSD is associated with violence exposures, substance abuses, envi-
ronmental threats, sexual abuses, combat traumas and tsunami [7]. Twin studies
have suggested that both genetic and environmental factors influence risk for
PTSD, suggesting the interplay between genetic and environmental factors in
psychiatric disorders [8]. Thus, the presence of psychiatric disorders may be as-
sociated with both psychosocial and genetic factors that contribute to the
aetiology of PTSD symptoms.

Single nucleotide polymorphism (SNP) of the death-associated protein 1
(DPAL1) gene have been associated with apoptosis [9] and autophagy [10], im-

plicating in the pathogenesis of several neurodegenerative disorders [11]. Tha-
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vichachart et al. [12] undertook for the first time construction of Genome-wide
association study (GWAS) for PTSD susceptibility in an Asian population. Such
GWAS studies represent an ideal approach for discerning genetic contribution
to PTSD. Several studies have been done to determine the risk and resiliency
factors for PTSD, which has been linked with genetic polymorphism of nervous
system development [13], Bax functional polymorphisms [14] and genetic po-
lymorphism of 5-HTTLPR [15]. Given that expected variance contributed by
any single genetic factor is small [16], studies incorporating the effects of the
environment, including psychosocial factors are desirable.

Gene-environment interaction (GxE) occurs when the effect of exposure to an
environmental factors (e.g., Natural Disaster). The understanding that both
genes (nature) and environments (nurture) are important for understanding the
origins of PTSD has led to rapid growth in research exploring gene-environment
interaction (GxE). In this context, psychosocial factors, including depression
comorbid, direct affected area, physical injury, planning copies, use of emotional
support coping, self-distraction, coping, denial coping and neurotic personality
may reflect the impact on the severity of PTSD.

The comparatively limited research has that been undertaken to date on the
association between genotype and psychosocial factors, subsequent Tsunami
occurrence in Thailand. Therefore, in the study, we performed a GxE study to
investigate the interaction between a series of gene and a series of environmental
factors. Such approach present methodological give a better understanding of
the mechanism on the development of PTSD which may aid in PTSD prevention

and therapeutic treatment.

2. Methods

2.1. Participants and Procedures

All of the participants were over the age of 18 years old, and parental consent
was therefore deemed unnecessary. A cross-sectional community survey was
conducted among Thai population residing in Pang-Nga, Ranong Phuket, Krabi,
Trang and Satoon, six provinces in the southern part of Thailand that had been
affected by Tsunami. To better examine how genetic factors can influence the
development of PTSD, only Thai subject having at least 3 generations of south-
east Asian ancestor was considered, minimizing the problem of multiple ance-
stries in the studied population. The chronic PTSD cases used in this study were
selected who suffered from PTSD longer than six months whereas subjects that
are not affected with PTSD at least six months of aftermath were defined as con-
trols. Participants having severe physical and mental conditions, which hinder

communication during the interviewing process are subjected to removal.

2.2. Measure Scales

Two stages of community surveys were conducted. The first of Thai population

age 18 and above from affected and controlled area were collected by using de-

DOI: 10.4236/0jgen.2019.93005

67 Open Journal of Genetics


https://doi.org/10.4236/ojgen.2019.93005

N. Thavichachart et al.

mographic and psychosocial questionnaires consisting of Davison Trauma Scale
(DTS), Beck II Depression Inventory (BDI-II), Hopkins’ Symptom Check List 90
(SCL90), Maudsley Personality Inventory (MPI) and Brief Cope Scale (BCS) are
used as a measure scales to find out the prevalence of PTSD and correlated psy-
chosocial affected [17].

In the second phase we interviewed PTSD cases and controls to find chronic
PTSD by Semi-Structured Assessment for Drug Dependence and Alcoholism
(SADDA) followed by composite international diagnostic interview (CIDI) to
determine co-morbidity and to exclude other psychological disorders including
drug abused, bipolar and anxiety disorders, according to the definitions of the
Diagnostic Criteria for Research of ICD-10 and DSM-III-R. Blood samples were
collected and DNA was extracted for genetic study [12].

DTS is the commonly used as a screening test for PTSD, composed of 17
items corresponding to each of the symptom definitions of the Diagnostic and
Statistical Manual of Mental Disorders, 4™ edition (DSM-IV) and shown to have
good test-retest reliability and internal consistency [18]. The BDI has great clin-
ical utility and to assess the severity of depression and display reliable psycho-
metrics characteristics across a broad spectrum of the population [19]. SCL90 is
a 90-item symptom inventory designed for patient self-report of psychosocial
symptoms which can be used to rate mode and physical well-being [20]. MPIis a
questionnaire designed to measure neuroticism having re-test reliability of
greater than 0.8 [21]. The BCS is commonly used the scale to measure a broad
range of coping responses with a good reliability and validity, containing 28

items and rated by the four-point like scales [22].

2.3. Genotyping and Assessing Transcriptional Activity

DAP1 genotyping was performed and validated using previously described con-
ditions and methods [12]. Genomic DNA was extracted from peripheral blood
leucocytes and prepared for genotyping. Genotyping for DAP1 was carried out
using Illumina Human-Hap610 Genotyping BeadChip. After removal of SNP
located on mitochondrial DNA or on X and Y chromosomes, a second GWAS
was performed by resequencing relevant region with BigDye Terminator cycle
sequencing kit and a 96-capillary 3730x] DNA Analyzer.

The transcriptional activity of rs267943 was assessed using the luciferase as-
say. The SNP rs267943 is located within DAP1 on chromosome 5. The strongest
signal for association with PTSD susceptibility was observed in rs267943 which
achieved a genome-wide significant level (MH-P = 6.15 x 107%), the risk allele
“G” and non-risk allele “A”. Genotypic frequencies were as follows: A/A: 46.5%
(n=916); G/G: 10.1% (n = 199); A/G: 43.4% (n = 855).

2.4. Data Analysis

As to provide an overview of the data, both univariate and multivariate analysis

were performed using standard statistical methods. Relationship between PTSD
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and dependent variables (characteristics) were identified using a chi-squared as-
sociation test. Multivariate analysis was performed using Binary logistic regres-
sion analysis. The Univariate analysis was performed by using R statistical pack-

age and the latter was performed using SPSS software.

3. Results

A total number of 1970 samples were included in the study in which 1268 sam-
ples represent the control group whereas 702 samples were positive groups. As
seen Table 1, the sample contains diverse age group for both cases and controls
group, which seems to be equally distributed. A closer look at the data reveals
that there is a significant difference between sex (Female = 63.5% and Male =
36.5) for the cases groups. Recently, Duncan ef al. examined 20,730 individuals
and reported the prevalence of PTSD is higher in female than males [6]. This
report is consistent with the molecular genetics of two study results in which heri-
tability for PTSD is overall higher in females in males [23] [24] [25] [26]. On av-
erage, the mean age of both samples is ~39.84 with £13.85 years. After binning the
age of samples into the 4 age group (<28, 29 - 37, 38 - 48, 249), both control and

cases sample are equally distributed in each category as seen in Figure 1.

Table 1. Sample characteristics.

Sample with PTSD Statistics
Characteristics Controls (n = 1268)  Cases (n = 702) )
n (%) n (%) X ?
Gender
Female 735 (58.0) 446 (63.5) 5.83 0.016*
Male 533 (42.0) 256 (36.5)
Age (yrs.)
<28 279 (22.0) 177 (25.2) 12.75 0.005**
29 -37 296 (23.3) 181 (25.8)
38 -48 346 (27.3) 202 (28.8)
>49 347 (27.4) 142 (20.2)
Mean = 39.84, SD = 13.85 yrs.
Marital Status
single 173 (13.6) 74 (10.5) 5.024 0.081
married 975 (76.9) 569 (81.1)
divorced/widowed 120 (9.5) 59 (8.4)
Educational Status
illiterate 27 (2.1) 10 (1.4) 2.86 0.581
elementary school 810 (63.9) 470 (67.0)
primary school 207 (16.3) 111 (15.8)
secondary school 178 (14.1) 89 (12.7)
academic degree 46 (3.6) 22 (3.1)
DOI: 10.4236/0jgen.2019.93005 69 Open Journal of Genetics
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Figure 1. Color-coded bar plot showing the distri-
bution of sample across different groups for both
Control and Cases.

The relationship between the PTSD status and effect of age are tested in which
age can significantly predict PTSD in univariate analysis (p < 0.05).

There are conflicting findings which have been reported in association studies
on PTSD genotype. Hovhannisyan et al studies showed significant decreased
risk of rs16944A with PTSD susceptibility, indicating that homozygous individ-
uals have a decreased risk of PTSD compared to heterozygotes [27]. In addition,
Parade et al reported that homozygotes AA genotype is associated with de-
creased methylation of HTR2A [28]. On the other hand, Conrad et al claimed
homozygous AA genotype have a higher risk of PTSD than heterozygotes in the
Ugandan cohort [29]. To add to this debate, we have performed SNP of rs267943
genotype for association with PTSD diagnosis.

Table 2 shows the results of the genotyping found within PTSD in which the
rate of PTSD is higher among G allele heterozygotes ie, A/G (47.4%) when
compare with A homozygotes (39.2%) and G homozygotes (13.4%).

To test for possible GXE effects between genetic factor and environment factor
as well as the psychosocial factor, logistic regression models were utilized. This is
to shed insights on the effect of DAP1 on PTSD after accounting for the
influence of physical injury, affected area, coping, personality and comorbid. A
significant additive effect can be seen for DAP1 Gene among Tsunami survivor,
such that the odds of having a current diagnosis of PTSD increased by 1.43 for
each additional G’ allele. Environmental factors, including directed affected area
and physical injury, also had significant effects on risk for PTSD in the logistic
regression model. In addition, significant effects obtained from the combination
of the DAPI gene with depression (adj. OR = 6.0, 95% CI = 4.29 - 8.39, p <
0.001), neurotic personality (adj. OR = 2.73, 95% CI = 2.18 - 3.42, p < 0.001),
planning (adj. OR = 1.52, 95% CI = 1.20 - 1.93, p < 0.001), use of emotional
support (adj. OR = 1.32, 95% CI = 1.21 - 1.94, p < 0.001) and self-distraction
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Table 2. The SNP rs267943 genotype.

PTSD
rs267943 Controls Cases Total
Genotype n (%) n (%) n (%)
Allele
A/A 641 (50.6) 275 (39.2) 916 (46.5)
G/G 105 (8.3) 94 (13.4) 199 (10.1)
A/G 522 (41.1) 333 (47.4) 855 (43.4)

(adj. OR = 1.52, 95% CI = 1.15 - 1.85, p < 0.05). The findings in Table 3 showed
that all variables have significant at 5% significant level, while depression, per-
sonality, use of emotional support, planning, directed affected area showed the

significant level at 1%.

4. Discussuion

The prevalence of the PTSD in the Asian population is 33.5% after the tsunami
occurrence in Andaman coast on Thailand in which age and gender are signifi-
cant predictors of the PTSD status. This is in agreement with the previous re-
ports from Nievergelt et al, which claimed that the age variable can significantly
predict the PTSD status [2]. Ressler et al also stated that there is a significant
sex-specific association with PTSD status [4], indicating that sex hormones,
oestrogen, may have implicational roles in developing disorder [30].

We have also shown that the DAP1 gene has the strongest signal for associa-
tion with PTSD susceptibility. Indeed, DAP1 gene is involved in mediating in-
terferon-gamma-induced cell death via activation of caspases and NF-kappaB.
NF-kappaB, the G-protein-coupled receptor (GPCR) pathway molecule, can
promote or prevent substain depressive-life behavior following severe stress
(Nuclear factor-kappaB is a critical mediator of stress-impaired neurogenesis
and depressive behavior). Interestingly, it was reported that mRNA levels of
NFkappB are upregulated in monocytes in PTSD patient, explaining how DAP1
is involved in signaling pathway to implicate in depressive-like behavior and
their potential contribution to the etiology of PTSD. In addition, DAP1 gene was
also reported to the substrate of the mTor.

Strength of the current study includes 1) the continuous use of sample since
2004 Tsunami, increasing power to detect PTSD effects, 2) a tsunami-exposed
cases and controls group included of only Thai subject to minimize the problem
of multiple ancestries in study population, a well-defined clinical phenotype 3)
and lastly consideration of complete variables to describe psychosocial and ge-
netic factors to get a better picture on etiology and pathogenesis of PTSD. How-
ever, the limitation of the current study includes the use of DSM-IV criteria to
define PTSD and failure to capture clinician-rated symptom severity ratings on
all of the participants. Therefore, additional research on the potential relation-
ship between DAPI1, environmental and physiological factors as well as clini-

cal-rated PTSD symptom severity among tsunami survivor is still needed.
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Table 3. Results obtained from the logistic regression.

Variable Adjusted OR 95%CI p-value

1) Genetic Factor
DAPI1 Gene, The SNP rs26794: Allele G 1.43 1.15-1.79 0.001

2) Environment Factor

a) direct affected area 2.90 2.29 - 3.68 0.000
b) physical injury 1.31 1.02 - 1.69 0.030
3) Psychosocial Factor

a) coping

e planning 1.52 1.20-1.93 0.000
e use of emotional support 1.53 1.21-1.94 0.000
o self distraction 1.45 1.15-1.85 0.002
b) personality

e neurotic personality 2.73 2.18-3.42 0.000

c) comorbid
e depression 6.00 4.29 - 8.39 0.000

5. Conclusion

In conclusion, considerable evidence emphasizes the importance of both suscep-
tibility gene and psychosocial factors contribution to the development of PTSD.
This study supporsts these findings by reporting the GxE interaction in PTSD to
identify psychosocial factors to PTSD susceptibility. Using a binary logistic re-
gression model, significant gene-environment interactions were found for the
single nucleotide polymorphism (SNP) rs267943 and psychosocial factors in-
cluding depression (adj. OR = 6.0, 95% CI = 4.29 - 8.39), neurotic personality
(adj. OR =2.73, 95% CI = 2.18 - 3.42), planning (adj. OR = 1.52, 95% CI = 1.20 -
1.93), use of emotional support (adj. OR = 1.32, 95% CI = 1.21 - 1.94) with sta-
tistical significant p < 0.001 and self-distraction (adj. OR = 1.52, 95% CI = 1.15 -
1.85) with statistical significant p < 0.05. These findings indicate potential me-
chanisms by which gene and environmental factors are associated with psy-
chosocial factors with the emergence of PTSD, which will assist public health

planning and treatment.
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