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Abstract

Objective

The aim of this study was to examine the relationships among extraversion, social support,

posttraumatic stress disorder and posttraumatic growth among adolescent survivors of the

Wenchuan earthquake.

Methods

Six hundred thirty-eight participants were selected from the survivors of the 2008Wenchuan

earthquake. Participants completed four main questionnaires, including the Extraversion

Subscale, the Social Support Scale, the Child PTSD Symptom Scale, and the Posttraumatic

Growth Inventory.

Results

A bivariate correlation analysis revealed significant correlations among extraversion, social

support, posttraumatic stress disorder and posttraumatic growth. Extraversion had signifi-

cant indirect effects on posttraumatic stress disorder (β = −.037, p< .01) and posttraumatic

growth (β = .077, p< .001) through social support. The results also indicated that extraver-

sion had a significant direct effect on posttraumatic growth and a nonsignificant direct effect

on posttraumatic stress disorder.

Conclusions

Social support fully mediates the relationship between extraversion and posttraumatic

stress disorder and partially mediates the relationship between extraversion and posttrau-

matic growth. Psychological interventions and care for survivors of the earthquake should

include the various functions and sources of social support and how they serve to benefit

individuals.
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Introduction
One of the most destructive natural disasters, the 2008 Wenchuan earthquake in China led to
huge causalities and economic losses. According to official state statistics, it caused 68,712
deaths, 17,921 missing persons and direct economic losses of 8451 billion yuan. The earth-
quake also resulted in a range of negative and positive psychological consequences for survi-
vors. Posttraumatic stress disorder (PTSD) is considered the most frequently reported negative
psychological outcome following an earthquake [1–2]. As a positive psychological change,
posttraumatic growth (PTG) following an earthquake has also been recently identified [3]. Ac-
cording to Tedeschi and his colleagues, PTG initially manifested in three broad categories, in-
cluding perceived changes in the self, one’s sense of relationships with others, and one’s
philosophy of life, and then expanded to five dimensions, including the ability to relate with
others, new possibilities, personal strength, spiritual change, and an appreciation of life [4–5].
Research has revealed that PTG was widely reported following various types of traumatic life
events, such as serious medical illnesses [6], accidents [7], the loss of a loved one [8], and natu-
ral disasters [9]. However, to our knowledge, very few studies have examined the PTSD and
PTG of the Wenchuan earthquake survivors.

As a consequence of traumatic events, the association between PTG and PTSD has been an
important research issue. There are three possible modes of the relationship: a positive rela-
tionship [5], a negative relationship [10–11], and no relationship [12–13]. Recently, a review
demonstrated that most research on the relationship between PTG and PTSD among adults
has consistently revealed a positive association between the two variables [14–15], and that
PTG and PTSD share antecedents (i.e., seismic events) and processes [16]. Several studies con-
ducted with children and adolescents using a longitudinal design also reported a positive rela-
tionship between the two variables [17–20]. To add to the existing knowledge on the
relationship between PTG and PTSD among survivors of an earthquake, we examined whether
there was a significant relationship between the two variables.

Based on the importance of PTG, theoreticians have conceptualized various models to ex-
plain the development of PTG [11]. Schaefer and Moos proposed a comprehensive model of
posttraumatic growth to clarify the factors that contribute to the development of PTG. The
model implies that both personal system factors (e.g., personality traits and prior crisis experi-
ence) and environmental resources (e.g., support from family and friends) combine to influence
event-related factors during a life crisis or a transition period. They influence cognitive appraisal
processes and coping responses, which, in turn, influence posttraumatic outcomes [21].

As one of the important personal system factors, personality traits play an important role in
the development of PTG and PTSD. The major personality traits, particularly neuroticism and
extraversion in the Five Factor Model [22], may in part account for differences in reactions to
exposure to traumatic events [23–24]. Associations have consistently indicated that neuroti-
cism is negatively related to PTG and positively related to PTSD [25–27]. However, evidence
indicates that the relationships between extraversion and PTG, and PTSD are less consistent
[28]. For example, several studies have found that extraversion is one of the best predictors of
PTG and negatively related to PTSD [29–31]. However, other researchers found no relation-
ship between extraversion and PTSD [27, 32] or between extraversion and PTG [33]. Thus, the
effects of extraversion in the domains of PTSD and PTG have not been extensively researched.
In the present study, we selected extraversion as the personality trait of interest and examined
the effect of extraversion on PTSD and PTG in adolescent survivors of the Wenchuan
earthquake.

Social support, an environmental factor, is often considered one of the most important pre-
cursors in the development of PTG and PTSD. Social support is in itself a multidimensional
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concept comprising structural social support and functional social support [34–35]. Structural
social support refers to the quantity and quality of available relationships or social roles, such
as the frequency of an individual’s contact with various network members and the density and
complexity of relationships among network members. Functional social support refers to the
degree to which an individual believes that his/her needs for companionship, intimacy, and es-
teem are fulfilled [36]. Most researchers agree that the structural and functional aspects of so-
cial support are different phenomena and should be studied separately [34]. Studies have
identified various magnitude of relationships between structural social support and PTG, and
these differences are to some extent based on the different support sources involved (e.g., fami-
ly support, teacher support, and peer support)[37–39]. Two meta-analysis studies also revealed
that structural social support was the strongest predictor of PTSD, yielding effect sizes of. 40
and. 28 [40, 41]. An individual’s perception of functional social support is as important as his/
her perception of structural social support during traumatic events. Based on this view, re-
searchers have attempted to explore the role of different degrees of functional social support in
the development of PTSD and PTG. For example, some studies found that more functional
support predicted a greater experience of PTG and PTSD in victims of cancer [42,43] and that
functional social support was related to the severity of PTSD in victims of violent crime and
sexual assault[44,45]. However, to our knowledge, little research has focused on functional so-
cial support in relation to PTG and PTSD as a result of earthquakes. In the present study, we
explored the role of functional social support in PTSD and PTG in adolescent survivors of the
Wenchuan earthquake.

In addition, research has reported that extraversion is related to social support. Previous stud-
ies on the relationship between extraversion and structural social support revealed that more
highly extroverted individuals were likely to have larger social support networks [46] and more
frequent contact with others [47] and to report a higher likelihood of seeking social support [48].
Similarly, studies on the relationship between extraversion and functional social support have
also indicated significant correlations with scores on the social provisions scale [49–50].

Moreover, researchers have identified some mediating variables (e.g., a coping strategy, so-
cial support) in the relationship between extraversion and PTSD, PTG [29]. For instance, indi-
viduals scoring high on extraversion were expected to better engage with social support
following trauma exposure, which, in turn, would reduce PTSD symptoms [27, 51]; extraver-
sion had a significant positive relationship with social support, which, in turn, mediated the ef-
fect of extraversion on both sense-making and benefit-finding [52].

Based on the literature reviewed, previous studies on the links among the four variables de-
scribed above have been fruitful in establishing the independent contribution of each variable.
However, the mechanisms by which extraversion and social support jointly influence PTSD
and PTG were unclear. In the present study, based on the framework of Schaefer and Moos’s
model, we simultaneously examined the effects of extraversion (a personal system factor) and
social support (an environmental factor) on PTSD and PTG within the same sample.

Therefore, the main purpose of the present study was to examine the pathways between ex-
traversion and social support in relation to PTSD and PTG among adolescent survivors of the
Wenchuan earthquake. We hypothesized that (a) extraversion would be positively related to
social support; (b) social support would be negatively related to PTSD and positively related to
PTG; (c) extraversion would be negatively related to PTSD and positively related to PTG; (d)
PTSD would be positively related to PTG; and (e) social support would mediate the relation-
ship between extraversion and PTSD, and PTG. We used a structural equation model (SEM) to
test the hypothesized model among adolescent survivors of the Wenchuan earthquake. The
model is presented in Fig. 1.
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Methods

Participants and procedures
This study was part of a larger investigation of psychological adjustment among survivors of
the Wenchuan earthquake in China. The sample for the current study consisted of 638 middle
school students in the Wenchuan area. Of the 638 returned surveys, 7 were excluded because
the respondent did not complete the majority of the survey. Therefore, 631 surveys were used
for further analyses. Of these surveys, 241 (38.19%) were completed by male participants and
390 (61.81%) were completed by female participants; 196 (31.06%) were students in the sev-
enth grade, 211 (33.44%) in the eighth grade, 84 (13.31%) in the tenth grade, and 140 (22.19%)
in the eleventh grade. The mean age was 15.13 years (SD = 1.75). With respect to ethnicity, 142
(22.50%) belonged to the Han ethnic group, 139 (22.03%) belonged to the Tibetan ethnic
group, 319 (50.56%) belonged to the local Qiang people, and 31 (4.91%) belonged to other
minor ethnic categories.

This project was approved by the local education authorities and the Research Ethics Com-
mittee of Beijing Normal University. Written informed consent was obtained from the school
principals and classroom teachers. In China, research projects that are approved by local edu-
cation authorities, such as county departments of education and the school administrators, and
that are deemed to provide a service to the students do not require parental consent. The Re-
search Ethics Committee of Beijing Normal University specifically approved this method of in-
formed consent for school principals and teachers in lieu of parental consent. Before the
formal surveys were administered, written consent was obtained from the school administra-
tors and teachers along with oral approval from the participants. Two trained research

Fig 1. The hypothesized model of posttraumatic growth. This figure describes the hypothesized paths of
extraversion, social support, posttraumatic stress disorder, and posttraumatic growth. PTSD = posttraumatic
stress disorder; PTG = posttraumatic growth; arrows imply the directionality in the model, “+” indicates a
positive prediction, “—” indicates a negative prediction.

doi:10.1371/journal.pone.0121480.g001

Factors Related with PTSD and PTG: A Structural Model

PLOS ONE | DOI:10.1371/journal.pone.0121480 March 27, 2015 4 / 13



assistants administered the surveys in these schools 12 months after the Wenchuan earthquake.
We informed participants that completing the surveys was voluntary, that their anonymity
would be ensured and that they had a right to withdraw from the study at any time. Partici-
pants with extremely high PTSD symptoms were referred to clinical psychologists in Chengdu
and Beijing for further treatment.

Measures
Personality. The Five-Factor Personality Questionnaire [53] was used to assess extraver-

sion. The questionnaire was adapted for middle school students in China based on Costa and
McCrae’s five-factor model of personality. It includes five subscales: extraversion, neuroticism,
openness, agreeableness, and conscientiousness. Participants responded on a 5-point Likert-
type scale, with responses including strongly disagree, disagree, neutral, agree, and strongly
agree. The questionnaire had satisfactory reliability and validity [53] and has been used to as-
sess students’ personalities in various studies [54–55]. The extraversion subscale with 11 items
had good internal consistency in our sample, with a Cronbach’s alpha of. 87.

Social Support. Social support was measured with a revised social support scale based on
Furman and Buhrmester's Network of Relationships Inventory [56–57]. This revised scale in-
cludes five provisions of social support: emotional support, instrumental support, compan-
ionship, intimacy and enhancement of worth. This scale consists of 20 items to assess
functional social support qualities. For each item, participants indicated the extent to which
they have experienced the type of support on a 5-point Likert-type scale ranging from 0
(‘‘not at all”) to 4 (‘‘always”) since the occurrence of the Wenchuan earthquake until the pres-
ent. The scale has been administered to samples of survivors to assess functional social sup-
port after an earthquake with high reliability and construct validity [58]. In the current
study, the Cronbach’s alpha coefficients of the total scale and the five subscales ranged from.
88 to. 95.

PTSD. PTSD was evaluated using the Child PTSD Symptom Scale (CPSS), which has
17 items [59]. These items were combined into three subscales namely, intrusion (5 items),
avoidance (7 items), and hyperarousal (5 items). Children rated the frequency of experiencing
the given symptoms over the previous 2 weeks on a 4-point Likert scale ranging from 0 (“not
at all”) to 3 (“almost always”). The psychometric properties of the scale have been reported to
be adequate [59]. The scale was adapted to Chinese with satisfactory psychometric properties
[60]. For the present study, the Cronbach’s alpha values were. 89 for the total scale,. 82 for the
intrusion subscale,. 73 for the avoidance subscale, and. 77 for the hyperarousal subscale.

PTG. PTG was assessed using the revised Posttraumatic Growth Inventory (PTGI). The
original PTGI developed by Tedeschi and Calhoun consisted of 21 items covering five subscales
[4]: personal strength, new possibilities, the ability to relate to others, appreciation of life, and
spiritual change. The modified PTGI was composed of 22 items with responses ranging from 0
to 5 (0 = “no change” to 5 = “great change”). Confirmatory factor analysis supported a three-
factor model, and the degrees of model fit were as follows: χ2/df = 2.35, CFI = .93, RMSEA = .07,
demonstrating that the revised version has good reliability and construct validity in studies
of PTG [58, 61]. The revised scale consisted of three subscales: perceived changes in the self
(9 items), the sense of relationship with others (7 items), and changed philosophy of life
(6 items). In the present study, the Cronbach’s alpha values were. 93 for the total scale,. 88 for
the perceived changes in the self subscale,. 86 for the sense of relationship with others subscale,
and. 72 for the changed philosophy of life subscale.

Factors Related with PTSD and PTG: A Structural Model
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Results

Descriptive statistics
Based on the DSM-IV [62], participants were identified as having full PTSD according to the
following criteria: (a) one or more items on the intrusion subscale scored 2 or 3; (b) three or
more items on the avoidance subscale scored 2 or 3; and (c) two or more items on the hyper-
arousal subscale scored 2 or 3. According to these criteria, the prevalence rate of probable
PTSD was 28.37%. In addition,according to the cutoff points for PTG in Tang's study [63], av-
erage mean scores above 3 on each item of the PTGI were indicative of moderate levels of post-
traumatic growth. Therefore, scores of 66 and above were considered to indicate a moderate
level of PTG in the present study. Approximately 62.76% of participants reported a moderate
level of PTG.

The bivariate correlations among the main variables are presented in Table 1. As shown in
Table 1, extraversion and social support were positively related (r = .27, p<.001). Both extra-
version and social support had significantly negative correlations with PTSD (r = -.10, p<.05;
r = -.14, p<.01, respectively) but significantly positive correlations with PTG (r = .32, p<.001;
r = .35, p<.001, respectively). PTSD was positively associated with PTG (r = .10, p<.05). Sex
(0 = female, 1 = male) was significantly correlated with social support, PTSD and PTG, but its
correlation with extraversion was non-significant. Grade and age were significantly correlated
with other study variables, except for PTG. Ethnicity did not correlate with any main study var-
iables. Therefore, we controlled for sex, grade and age in the subsequent analysis.

Structural equation modeling
Structural equation modeling (SEM) was employed to test our hypothesized model using
Mplus software (Version 7). In our hypothesized model, PTG was indicated by three dimen-
sions: perceived changes in the self, the sense of having relationships with others and changed
philosophy of life. PTSD was indicated by intrusion, avoidance and hyperarousal. Social sup-
port was indicated by five provisions of social support: emotional support, instrumental

Table 1. The correlations, means, and standard deviations among the main study variables.

Variables Correlations Mean ± SD

1 2 3 4 5 6 7 8

1. Sex - —

2. Grade -.15*** - —

3. Ethnicity -.10* .14*** - —

4. Age -.10* .89*** .10* - 15.13±1.75

5. Extraversion .01 -.12** -.02 -.12** - 25.92±8.47

6. Social support -.12** -.13** .07 -.15*** .27*** - 49.87±18.37

7. PTSD -.20*** .15*** .01 -.18*** -.10* -.14*** - 15.84±8.49

8. PTG -.10** .01 .02 -.01 .32*** .35*** .10* - 68.29±20.06

PTSD = posttraumatic stress disorder. PTG = posttraumatic growth.

*p <. 05

**p <. 01

***p <. 001.

doi:10.1371/journal.pone.0121480.t001
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support, companionship, intimacy and enhancement of worth. Extraversion was measured by
only one indicator.

In Mplus, the model parameters were estimated using maximum likelihood (ML). The de-
gree of model fit was assessed using the following fit indices [64]: the chi-square statistic, the
root mean squared error of approximation (RMSEA), the comparative fit index (CFI), and the
standardized root mean square residual (SRMR). The guidelines for an acceptable fit included
a non-significant χ2 value, a RMSEA value less than. 10, a CFI value greater than. 90, and an
SRMR value less than. 10. Because bias-corrected bootstrapping has greater statistical power to
detect mediation effects than other forms of mediation analyses [65], we used a bias-corrected
bootstrap estimation with a 95% confidence interval to determine the significance of the indi-
rect effects. We created 5000 bootstrap samples using the original dataset.

We first tested the hypothesized model. Preliminary analysis indicated that the data met the
assumption of normality based on the criteria recommended byWeston and Gore [64]. SEM
analyses revealed that all coefficients for the direct and indirect paths in the hypothesized model
were significant, except for the direct path from extraversion to PTSD (β = -.017, p = .165).

Then, we compared our hypothesized model with three alternative models to examine
whether the relationships between extraversion and the dependent variables (PTSD and PTG)
were partially or fully mediated. Alternative model 1 constrained the path from extraversion to
PTSD to zero. Alternative model 2 constrained the path from extraversion to PTG to zero. Al-
ternative model 3 simultaneously constrained the above two paths to zero. The model fit indi-
ces of these models are presented in Table 2.

The result of the chi-square difference test between the hypothesized model and alternative
model 1 was non-significant, Δχ2(1) = 2.180, p>. 05, suggesting that constraining the path
from extraversion to PTSD was necessary based on the principle of parsimony and that alterna-
tive model 1 was better fitted to the data. The results of chi-square difference tests between
the hypothesized model and alternative models 2 and 3 were significant, Δχ22(1) = 38.228,
p<. 001 and Δχ22(2) = 43.806, p<. 001, respectively, suggesting that constraining those paths
significantly reduced the model fit and that the hypothesized model should be retained. From
the results of the fit indices of the RMSEA, CFI and SRMR in four models, we selected alterna-
tive model 1 as our final model.

The parameter estimates of the final model are depicted in Fig. 2. The results of the boot-
strap procedure (see Table 3) revealed that extraversion had significant indirect effects on both
PTG (β = .077, p<.001) and PTSD (β = -.037, p<.01) via social support. Moreover, the direct
effect of extraversion on PTG was also significant (β = .256, p<.001).

Discussion
The goal of this study was to test a comprehensive model including types of social support as
mediating variables in the relationship between extraversion and PTSD and PTG among

Table 2. Fit indices of the hypothesized and alternative models.

Model χ2 df RMSEA [90% Confidence Interval] CFI SRMR

Hypothesized model 210.642*** 76 .053[.045,. 062] .975 .041

Alternative model 1 212.822*** 77 .053 [.044,. 061] .974 .041

Alternative model 2 248.870*** 77 .059 [.051,. 068] .967 .051

Alternative model 3 254.448*** 78 .060[.052,. 068] .967 .051

***p <. 001.

doi:10.1371/journal.pone.0121480.t002
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adolescent survivors of the Wenchuan earthquake. Although previous research has docu-
mented links among subsets of extraversion, social support, PTSD and PTG [20, 30, 42, 51,
66], no previous work has conceptualized the relationships among these four variables as a
group to test the proposed meditational effect. We compared the hypothesized model with
three alternative models and selected the model with the best fit to the data. The findings of

Fig 2. The structural equationmodeling results of the final model. This figure reveals the standardized path coefficients in the final model fromMplus
after controlling for sex, grade and age. All path values, ps<. 001. Fit indices of the model: χ2 (77, N = 631) = 212.822, p<. 001; root mean square error of
approximation [90% confidence interval] = .053 [.044, .061]; comparative fit index = .974; standardized root mean square residual = .041. SS = social
support; SS1 = emotional support; SS2 = instrumental support; SS3 = companionship; SS4 = intimacy; SS5 = enhancement of worth. PTSD = posttraumatic
stress disorder; PTSD1 = intrusion; PTSD2 = avoidance; PTSD3 = hyperarousal. PTG = posttraumatic growth; PTG1 = perceived changes in the self;
PTG2 = sense of relationships with others; PTG3 = changed philosophy of life.

doi:10.1371/journal.pone.0121480.g002

Table 3. Bootstrap analysis of the magnitude of the effects in the final model.

Independent variable Mediator variable Dependent variable B-Standardized estimate SE-Standardized error 95% confidence interval

Extraversion SS .262*** .040 [.198,. 325]

Extraversion PTG .256*** .042 [.191,. 325]

SS PTG .292*** .043 [.225,. 365]

SS PTSD -.160*** .045 [-.238, -.078]

Extraversion SS PTG .077*** .016 [.051,. 103]

Extraversion SS PTSD -.037** .014 [-.060, -.015]

SS = social support. PTSD = posttraumatic stress disorder. PTG = posttraumatic growth.

**p <. 01

***p <. 001.

doi:10.1371/journal.pone.0121480.t003

Factors Related with PTSD and PTG: A Structural Model
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this study supported and extended Schaefer and Moos’s model in survivors of earthquakes by
suggesting more complicated relationships among the four variables.

The results indicated that social support was negatively associated with PTSD but positively
associated with PTG. In our study, social support is defined as the degree to which an individu-
al believes that his/her needs are fulfilled and refers to its functional rather than structural as-
pects. Previous studies have shown that structural social support had a negative effect on PTSD
and a positive effect on PTG [38, 67]. The current study further demonstrated the opposing ef-
fects of functional social support on PTSD and PTG. Cognitive processing theory provided
an explanation for the important role of social support in the development of PTSD and PTG
[5, 68]. According to this theory, by offer different provisions of social support (e.g., opportuni-
ties for self-disclosure and offering advice or new perspectives), social support may facilitate
cognitive processes and the utilization of coping strategies that may contribute to reducing
symptoms of PTSD and identifying positive meaning to access personal growth [42].

The results also indicated a positive association between extraversion and social support.
This finding was in line with previous studies reporting that extroverted individuals exhibit
higher levels of social support [48–49]. Because they are more sociable and enjoy being in the
company of others, extroverts are more likely to make more friends and obtain more emotional
support, to share their experiences or secrets with others (intimacy support) and to ask for tan-
gible help in times of stress (instrumental support)[49, 51]. Moreover, extroverts tend to in-
volve more peers in common recreational activities (companionship support) and affirm their
competence or value by comparing themselves with others (enhancement of worth). Therefore,
it is plausible to find a positive association.

More importantly, as predicted, extraversion had significant indirect effects on PTSD and
PTG via social support, which is consistent with previous research reporting a mediating effect
of social support [51–52]. This finding suggests that social support could partially mediate the
relationship between extraversion and PTG and fully mediates the relationship between extra-
version and PTSD. This implies that extroverted individuals may foster both an individual’s
ability to create a supportive environment and mobilize different support resources during dif-
ficult experiences, which could not only contribute to alleviating the symptoms of PTSD but
also help individuals find benefits in difficult life experiences [49, 52]. It is notable that the me-
diating effects were very small in the present study and may need to be further validated.

A significant direct effect of extraversion on PTG was observed, which was consistent with
previous studies reporting that extraversion was positively correlated with PTG [25, 51]. The
direct effect of extraversion on PTG might suggest that extraversion in and of itself is beneficial
to individual growth. One possible explanation is that extroverts are more likely to express
their emotions and expose themselves to others, which may promote PTG in interpersonal in-
teractions. Another possible explanation is that extroverted persons have more optimistic
traits. Certain findings indicated that optimism independently contributed to PTG [69]. Opti-
mistic individuals tend to focus on the most important matters and reject unachievable goals
that are inconsistent with reality, which could lead to PTG. However, we should note that opti-
mism may serve as a confounding factor in the relationship between extraversion and PTG,
which would need to be further validated in future research.

Moreover, there was a negative correlation between extraversion and PTSD in the correla-
tion analysis. However, we failed to identify this association in our final model, which contra-
dicted our hypothesis. This finding supported the results of Schnurr et al.’s study [32]. It may
indicate a different pathway for the effects of extraversion on PTSD and PTG.

In addition, the results supported the notion that PTSD and PTG are positively related. We
observed this positive relationship in the results of the correlation and SEM analyses. This

Factors Related with PTSD and PTG: A Structural Model
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result was consistent with previous findings [5, 70] and supported the view that PTG and
PTSD may co-exist simultaneously in individuals.

The findings of this study should be interpreted with caution. First, the current study was a
cross-sectional design, which limited its ability to draw causal inferences regarding the ob-
served relationships. Thus, future studies will need to adopt longitudinal designs to fully disen-
tangle the underlying causality among the variables. Second, the sample consisted of middle
school students who experienced the Wenchuan earthquake. The data were collected 12
months after the Wenchuan earthquake. Thus, the results of the present study should be cau-
tiously generalized to other participant groups and time periods (e.g., 6 months after an earth-
quake). Third, extraversion, social support, PTSD and PTG were all assessed using single
measures, which may have resulted in potential biases. Replicating this study using multiple
measures of each construct could provide more information on the constructs and the relation-
ships between them.

Despite these limitations, this study contributes to the literature by exploring the mediating
role of social support in the relationship between extraversion and PTG, PTSD. Our findings
have certain implications for clinical practice. Because extroverted individuals may report
greater social support, which fosters PTG and reduces symptoms of PTSD, it is important for
clinicians to teach survivors of an earthquake how to mobilize social support resources to cope
with traumatic experiences. For example, a psychosocial group intervention should be devel-
oped to provide support and the opportunity to discuss earthquake-related concerns and
thoughts. There is evidence that such a group intervention may decrease the symptoms of
PTSD [71] and increase the perception of PTG [72]. In addition, the current findings reveal
that extraversion has a direct effect on PTG. Therefore, interventions to promote PTG can tar-
get personal resources, such as extraversion. Although personality traits such as extraversion
generally refer to stable and enduring dispositions that may be relatively resistant to change
over a brief period of time, interventions can nevertheless be aimed toward promoting those at-
titudes, expectancies, and behaviors that are characteristic of this particular personality trait
[29]. Indeed, recent research indicates that there is a relationship between extraversion and
finding positive meanings and that simply adopting extroverted behavior can spur positive
feelings and increase one’s sense of wellbeing [73]. By these avenues, psychological interven-
tions may help survivors to adjust to suffering and find positive meanings in surviving
an earthquake.

Author Contributions
Conceived and designed the experiments: XJ CL. Performed the experiments: XZ XW. Ana-
lyzed the data: XJ LY. Contributed reagents/materials/analysis tools: XZ XW. Wrote the paper:
XJ CL.

References
1. Ying L, Wu X, Lin C, Chen C. Prevalence and predictors of posttraumatic stress disorder and depres-

sive symptoms among child survivors 1 year following the Wenchuan earthquake in China. Eur Child
Adolesc Psychiatry. 2013; 22: 567–575. doi: 10.1007/s00787-013-0400-3 PMID: 23532400

2. Fan F, Zhang Y, Yang Y, Mo L, Liu X. Symptoms of posttraumatic stress disorder, depression, and anx-
iety among adolescents following the 2008Wenchuan earthquake in China. J Trauma Stress. 2011;
24: 44–53. doi: 10.1002/jts.20599 PMID: 21351164

3. Ying L, Lin C, Wu X, Chen C, Greenberger E, An Y. Trauma severity and control beliefs as predictors of
posttraumatic growth among adolescent survivors of the Wenchuan earthquake. Psychol Trauma.
2014; 6: 192–198.

4. Tedeschi RG, Calhoun LG. The posttraumatic growth inventory: Measuring the positive legacy of trau-
ma. J Trauma Stress. 1996; 9: 455–471. PMID: 8827649

Factors Related with PTSD and PTG: A Structural Model

PLOS ONE | DOI:10.1371/journal.pone.0121480 March 27, 2015 10 / 13

http://dx.doi.org/10.1007/s00787-013-0400-3
http://www.ncbi.nlm.nih.gov/pubmed/23532400
http://dx.doi.org/10.1002/jts.20599
http://www.ncbi.nlm.nih.gov/pubmed/21351164
http://www.ncbi.nlm.nih.gov/pubmed/8827649


5. Tedeschi RG, Calhoun LG. Posttraumatic growth: Conceptual foundations and empirical evidence.
Psychol Inq. 2004; 15: 1–18.

6. Schmidt SD, Blank TO, Bellizzi KM, Park CL. The relationship of coping strategies, social support, and
attachment style with posttraumatic growth in cancer survivors. J Health Psychol. 2012; 17: 1033–1040.
doi: 10.1177/1359105311429203 PMID: 22253327

7. Salter E, Stallard P. Posttraumatic growth in child survivors of a road traffic accident. J Trauma Stress.
2004; 17: 335–340. PMID: 15462541

8. Taku K, Calhoun LG, Cann A, Tedeschi RG. The role of rumination in the coexistence of distress and
posttraumatic growth among bereaved Japanese university students. Death Stud. 2008; 32: 428–444.
doi: 10.1080/07481180801974745 PMID: 18767236

9. Cryder CH, Kilmer RP, Tedeschi RG, Calhoun LG. An exploratory study of posttraumatic growth in chil-
dren following a natural disaster. Am J Orthopsychiatry. 2006; 76: 65–69. PMID: 16569128

10. Johnson RJ, Hobfoll SE, Hall BJ, Canetti-Nisim D, Galea S, Palmieri PA. Posttraumatic growth: Action
and reaction. Appl Psychol. 2007; 56: 428–436.

11. Zoellner T, Maercker A. Posttraumatic growth in clinical psychology: A critical review and introduction
of a two component model. Clin Psychol Rev. 2006; 26: 626–653. PMID: 16515831

12. Joseph S, Williams R, Yule W. Changes in outlook following disaster: The preliminary development of a
measure to assess positive and negative responses. J trauma stress. 1993; 6: 271–279.

13. Linley PA, Joseph S. Positive change following trauma and adversity: A review. J trauma stress. 2004;
17: 11–21. PMID: 15027788

14. Park CL, Aldwin CA, Fenster JR, Snyder LB. Pathways to posttraumatic growth versus posttraumatic
stress: Coping and emotional reactions following the september 11, 2001, terrorist attacks. Am J Ortho-
psychiatry. 2008; 78: 300–312. doi: 10.1037/a0014054 PMID: 19123749

15. Helgeson VS, Reynolds KA, Tomich PL. A meta-analytic review of benefit finding and growth. J Consult
Clin Psychol. 2006; 74: 797. PMID: 17032085

16. Meyerson DA, Grant KE, Carter JS, Kilmer RP. Posttraumatic growth among children and adolescents:
A systematic review. Clin Psychol Rev. 2011; 31: 949–964. doi: 10.1016/j.cpr.2011.06.003 PMID:
21718663

17. Kilmer RP, Gil-Rivas V, Tedeschi RG, Cann A, Calhoun LG, et al. Use of the revised posttraumatic
growth inventory for children. J trauma stress. 2009; 22: 248–253. doi: 10.1002/jts.20410 PMID:
19462437

18. Kilmer RP, Gil-Rivas V. Exploring posttraumatic growth in children impacted by Hurricane Katrina: Cor-
relates of the phenomenon and developmental considerations. Child Dev. 2010; 81: 1211–1227. doi:
10.1111/j.1467-8624.2010.01463.x PMID: 20636691

19. Wolchik SA, Coxe S, Tein JY, Sandler IN, Ayers TS. Six-year longitudinal predictors of posttraumatic
growth in parentally bereaved adolescents and young adults. Omega (Westport). 2008; 58: 107–128.
PMID: 19227001

20. Dekel S, Ein-Dor T, Solomon Z. Posttraumatic growth and posttraumatic distress: A longitudinal study.
Psychol Trauma. 2012; 4: 94–101.

21. Schaefer JA, Moos RH. The context for posttraumatic growth: Life crises, individual and social re-
sources, and coping. In: Tedeschi RG, Park CL, Calhoun LG, editors. Posttraumatic growth: Positive
changes in the aftermath of crisis. Mahwah, NJ: Lawrence Erlbaum Associates Publishers; 1998. pp.
99–126.

22. Costa PT, McCrae RR. The NEO personality inventory: Manual, form S and form R. Odessa, FL: Psy-
chological Assessment Resources; 1985.

23. Affleck G, Tennen H. Construing benefits from adversity: Adaptotional significance and dispositional
underpinnings. J Pers. 1996; 64: 899–922. PMID: 8956517

24. Park CL. The notion of growth following stressful life experiences: Problems and prospects. Psychol
Inq. 2004; 15: 69–76.

25. Shakespeare-Finch J, Gow K, Smith S. Personality, coping and posttraumatic growth in emergency
ambulance personnel. Traumatology. 2005; 11: 325–334.

26. Lauterbach D, Vrana S. The relationship among personality variables, exposure to traumatic events,
and severity of posttraumatic stress symptoms. J Trauma Stress. 2001; 14: 29–45.

27. Lawrence JW, Fauerbach JA. Personality, coping, chronic stress, social support and PTSD symptoms
among adult burn survivors: A path analysis. J Burn Care Rehabil. 2003; 24: 63–72. PMID: 12543997

28. Paris J. Predispositions, personality traits, and posttraumatic stress disorder. Harv Rev Psychiatry.
2000; 8: 175–183. PMID: 11038342

Factors Related with PTSD and PTG: A Structural Model

PLOS ONE | DOI:10.1371/journal.pone.0121480 March 27, 2015 11 / 13

http://dx.doi.org/10.1177/1359105311429203
http://www.ncbi.nlm.nih.gov/pubmed/22253327
http://www.ncbi.nlm.nih.gov/pubmed/15462541
http://dx.doi.org/10.1080/07481180801974745
http://www.ncbi.nlm.nih.gov/pubmed/18767236
http://www.ncbi.nlm.nih.gov/pubmed/16569128
http://www.ncbi.nlm.nih.gov/pubmed/16515831
http://www.ncbi.nlm.nih.gov/pubmed/15027788
http://dx.doi.org/10.1037/a0014054
http://www.ncbi.nlm.nih.gov/pubmed/19123749
http://www.ncbi.nlm.nih.gov/pubmed/17032085
http://dx.doi.org/10.1016/j.cpr.2011.06.003
http://www.ncbi.nlm.nih.gov/pubmed/21718663
http://dx.doi.org/10.1002/jts.20410
http://www.ncbi.nlm.nih.gov/pubmed/19462437
http://dx.doi.org/10.1111/j.1467-8624.2010.01463.x
http://www.ncbi.nlm.nih.gov/pubmed/20636691
http://www.ncbi.nlm.nih.gov/pubmed/19227001
http://www.ncbi.nlm.nih.gov/pubmed/8956517
http://www.ncbi.nlm.nih.gov/pubmed/12543997
http://www.ncbi.nlm.nih.gov/pubmed/11038342


29. Sheikh AI. Posttraumatic growth in the context of heart disease. J Clin Psychol Med Settings. 2004; 11:
265–273.

30. Val EB, Linley PA. Posttraumatic growth, positive changes, and negative changes in Madrid residents
following the March 11, 2004, Madrid train bombings. J Loss Trauma. 2006; 11: 409–424.

31. Fauerbach JA, Lawrence JW, Schmidt CW, Munster AM, Costa PT. Personality predictors of injury-
related posttraumatic stress disorder. J Nerv Ment Dis. 2000; 188: 510–517. PMID: 10972570

32. Schnurr PP, Vielhauer MJ. Personality as a risk factor for PTSD. In: Yule W, editor editors. Post-
traumatic stress disorder: Concepts and therapy. New York: Wiley; 1999. pp. 191–222.

33. Karanci AN, Isikli S, Aker AT, Gul EI, Erkan BB, Ozkol H, et al. Personality, posttraumatic stress and
trauma type: Factors contributing to posttraumatic growth and its domains in a Turkish community sam-
ple. Eur J Psychotraumatol. 2012; 3: 17303 - doi: 10.3402/ejpt.v3i0.17303

34. Guay S, Billette V, Marchand A. Exploring the links between posttraumatic stress disorder and social
support: Processes and potential research avenues. J Trauma Stress. 2006; 19: 327–338. PMID:
16788995

35. Schnurr PP, Lunney CA, Sengupta A. Risk factors for the development versus maintenance of post-
traumatic stress disorder. J Trauma Stress. 2004; 17: 85–95. PMID: 15141781

36. Jelusic I, Stevanovic A, Franciskovic T, Grkovic J, Sukovic Z, Knezovic Z. Social support and posttrau-
matic stress disorder in combat veterans in Croatia. Coll Antropol. 2010; 34: 853–858. PMID:
20977072

37. Yu X, Lau JTF, Zhang J, MakWWS, Choi KC, Choi KC, et al. Posttraumatic growth and reduced suicid-
al ideation among adolescents at month 1 after the Sichuan Earthquake. J Affect Disord. 2010; 123:
327–331. doi: 10.1016/j.jad.2009.09.019 PMID: 19910053

38. Tanriverd D, Savas E and Can G. Posttraumatic growth and social support in Turkish patients with can-
cer. Asian Pac J Cancer Prev. 2012; 13: 4311–4314. PMID: 23167334

39. Schnurr PP, Ford JD, Friedman MJ, Green BL, Dain BJ, Sengupta A. Predictors and outcomes of post-
traumatic stress disorder in World War II veterans exposed to mustard gas. J Consult Clin Psychol.
2000; 68: 258–268. PMID: 10780126

40. Brewin CR, Andrews B, Valentine JD. Meta-analysis of risk factors for posttraumatic stress disorder in
trauma-exposed adults. J Consult Clin Psychol. 2000; 68: 748–766. PMID: 11068961

41. Ozer EJ, Best SR, Lipsey TL, Weiss DS. Predictors of posttraumatic stress disorder and symptoms in
adults: A meta-analysis. Psychol Bull. 2003; 129: 52–73. PMID: 12555794

42. Schroevers MJ, Helgeson VS, Sanderman R, Ranchor AV. Type of social support matters for prediction
of posttraumatic growth among cancer survivors. Psychooncology. 2010; 19: 46–53. doi: 10.1002/pon.
1501 PMID: 19253269

43. Andrykowski MA, Cordova MJ. Factors associated with PTSD symptoms following treatment for breast
cancer: Test of the Andersen model. J Trauma Stress. 1998; 11: 189–203. PMID: 9565911

44. Andrews B, Brewin CR, Rose S. Gender, social support and PTSD in victims of violent crime. J Trauma
Stress. 2003; 16:421–427. PMID: 12895025

45. Zoellner LA, Foa EB, Brigidi BD. Interpersonal friction and PTSD in female victims of sexual and non-
sexual assault. J Trauma Stress. 1999; 12: 689–700. PMID: 10646187

46. Stokes JP. The relation of social network and individual difference variables to loneliness. J Pers Soc
Psychol. 1985; 48: 981–990.

47. Lu L. Social support, reciprocity, and well-being. J Soc Psychol. 1997; 137: 618–628. PMID: 9362145

48. Halamandaris KF, Power KG. Individual differences, dysfunctional attitudes, and social support: A
study of the psychosocial adjustment to university life of home students. Pers Individ Dif. 1997; 22:
93–104.

49. Russell DW, Booth B, Reed D, Laughlin PR. Personality, social networks, and perceived social support
among alcoholics: A structural equation analysis. J Pers. 1997; 65: 649–692. PMID: 9327590

50. Amirkhan JH, Risinger RT, Swickert RJ. Extraversion: A hidden personality factor in coping. J Pers,
1995; 63: 189–212. PMID: 7782992

51. Swickert RJ, Rosentreter CJ, Hittner JB, Mushrush JE. Extraversion, social support processes, and
stress. Pers Individ Dif. 2002; 32: 877–891.

52. Boyraz G, Horne SG, Sayger TV. Finding meaning in loss: The mediating role of social support be-
tween personality and two construals of meaning. Death Stud. 2012; 36: 519–540. PMID: 24563933

53. Zhou H, Niu L, Zou H. A development study on the five-factor personality questionnaire for middle
school students. Psychol Dev Educ. 2000; 16: 48–54.

Factors Related with PTSD and PTG: A Structural Model

PLOS ONE | DOI:10.1371/journal.pone.0121480 March 27, 2015 12 / 13

http://www.ncbi.nlm.nih.gov/pubmed/10972570
http://dx.doi.org/10.3402/ejpt.v3i0.17303
http://www.ncbi.nlm.nih.gov/pubmed/16788995
http://www.ncbi.nlm.nih.gov/pubmed/15141781
http://www.ncbi.nlm.nih.gov/pubmed/20977072
http://dx.doi.org/10.1016/j.jad.2009.09.019
http://www.ncbi.nlm.nih.gov/pubmed/19910053
http://www.ncbi.nlm.nih.gov/pubmed/23167334
http://www.ncbi.nlm.nih.gov/pubmed/10780126
http://www.ncbi.nlm.nih.gov/pubmed/11068961
http://www.ncbi.nlm.nih.gov/pubmed/12555794
http://dx.doi.org/10.1002/pon.1501
http://dx.doi.org/10.1002/pon.1501
http://www.ncbi.nlm.nih.gov/pubmed/19253269
http://www.ncbi.nlm.nih.gov/pubmed/9565911
http://www.ncbi.nlm.nih.gov/pubmed/12895025
http://www.ncbi.nlm.nih.gov/pubmed/10646187
http://www.ncbi.nlm.nih.gov/pubmed/9362145
http://www.ncbi.nlm.nih.gov/pubmed/9327590
http://www.ncbi.nlm.nih.gov/pubmed/7782992
http://www.ncbi.nlm.nih.gov/pubmed/24563933


54. Lei L, Yang Y, Liu M. The Relationship between adolescents’ neuroticism, internet service preference,
and internet addiction. Acta Psychol Sin. 2006; 38: 375–381.

55. Liu W, Xu Z, Zou H. The effect of parenting on social adjustment of adolescents: personality as a mod-
erator. Psychol Dev Educ. 2012; 28: 625–633.

56. FurmanW, Buhrmester D. Age and sex-differences in perceptions of networks of personal relation-
ships. Child Dev. 1992; 63: 103–115. PMID: 1551320

57. FurmanW, Buhrmester D. Children perceptions of the personal relationships in their social networks.
Dev Psychol. 1985; 21: 1016–1024.

58. An Y,Wu X, Liu C, Lin C. Neuroticism personality and posttraumatic growth in adolescent: The moderat-
ing effect of coping style and mediating effect of social support. Psychol Dev Educ. 2013; 29: 653–663.

59. Foa EB, Johnson KM, Feeny NC, Treadwell KRH. The child PTSD symptom scale: Preliminary exami-
nation of its psychometric properties. J Clin Child Psychol. 2001; 30: 376–384. PMID: 11501254

60. Ying L, Wu X, Lin C, Jiang L. Traumatic severity and trait resilience as predictors of posttraumatic stress
disorder and depressive symptoms among adolescent survivors of the Wenchuan earthquake. PLoS
One. 2014; 9: e89401. doi: 10.1371/journal.pone.0089401 PMID: 24586751

61. Hou Z, Zhou X, Chen J, Zhu l, Ni J, Chen S. The influencing factors of PTSD and PTG among teachers
after Wenchuan earthquake: Perspectives from before, during and after disaster. Psycholl Dev Edu.
2014; 30: 82–89.

62. American Psychiatric Association. Diagnostic and statistical manual of mental disorders (text revision).
4th ed. Washington, DC: American Psychiatric Association; 2000.

63. Tang CS-K. Positive and negative postdisaster psychological adjustment among adult survivors of the
Southeast Asian earthquake-tsunami. J PsychosomRes.2006; 61: 699–705. PMID: 17084149

64. Weston R, Gore PA JR. A brief guide to structural equation modeling. Couns Psychol. 2006; 34:
719–751.

65. MacKinnon DP, Lockwood CM, Williams J. Confidence limits for the indirect effect: Distribution of the
product and resampling methods. Multivariate Behav Res. 2004; 39: 99–128. PMID: 20157642

66. Doerfel D, Rabe S, Karl A. Coping strategies in daily life as protective and risk factors for post traumatic
stress in motor vehicle accident survivors. J Loss Trauma.2008; 13: 422–440.

67. Xu K, Yuan P. Effects of three sources of social support on survivors' posttraumatic stress after the
Wenchuan earthquake. J Loss Trauma. 2014; 19: 229–243.

68. Schroevers MJ, Ranchor AV, Sanderman R. The role of age at the onset of cancer in relation to survi-
vors' long-term adjustment: A controlled comparison over an eight-year period. Psychooncology. 2004;
13: 740–752. PMID: 15386646

69. Shigemoto Y, Poyrazli S. Factors related to posttraumatic growth in US and Japanese college students.
Psychol trauma. 2013; 5: 128–134.

70. Bensimon M. Elaboration on the association between trauma, PTSD and posttraumatic growth: The
role of trait resilience. Pers Individ Dif. 2012; 52: 782–787.

71. Giannopoulou I, Dikaiakou A, Yule W. Cognitive-behavioural group intervention for PTSD symptoms in
children following the Athens 1999 earthquake: A pilot study. Clin Child Psychol Psychiatry. 2006; 11:
543–553. PMID: 17163223

72. Antoni MH, Lehman JM, Kilbourn KM, Boyers AE, Culver JL, Alferi SM, et al. Cognitive-behavioral
stress management intervention decreases the prevalence of depression and enhances benefit finding
among women under treatment for early-stage breast cancer. Health Psychol. 2001; 20: 20–32. PMID:
11199062

73. FleesonW, Malanos AB, Achille NM. An intra-individual process approach to the relationship between
extraversion and positive affect: Is acting extraverted as "good" as being extraverted? J Pers Soc Psy-
chol. 2002; 83: 1409–1422. PMID: 12500821

Factors Related with PTSD and PTG: A Structural Model

PLOS ONE | DOI:10.1371/journal.pone.0121480 March 27, 2015 13 / 13

http://www.ncbi.nlm.nih.gov/pubmed/1551320
http://www.ncbi.nlm.nih.gov/pubmed/11501254
http://dx.doi.org/10.1371/journal.pone.0089401
http://www.ncbi.nlm.nih.gov/pubmed/24586751
http://www.ncbi.nlm.nih.gov/pubmed/17084149
http://www.ncbi.nlm.nih.gov/pubmed/20157642
http://www.ncbi.nlm.nih.gov/pubmed/15386646
http://www.ncbi.nlm.nih.gov/pubmed/17163223
http://www.ncbi.nlm.nih.gov/pubmed/11199062
http://www.ncbi.nlm.nih.gov/pubmed/12500821

