However, because these previcus studies employed cross-
sectional designs, longitudinal WMI changes within individ-
uals remained unclear.

Our previous longitudinal investigation unveiled the
causal relationships between WMI changes and psychological
distress soon after a disaster [10]. In our previous study, we
collected DTI data from a group of healthy subjects before
the Japanese earthquake (pre). Then, we recruited 30 subjects
(male/female = 24/6, age = 21.0 + 1.6 yr, range = 19 to 25yr)
from this group and examined results from DTI and from
psychological measures related to postearthquake distress 3
to 4 months after the earthquake (post) to examine short-
term effects. We found that lower WMI in the right anterior
Cg before the earthquake was a preexisting vulnerability
factor for postearthquake distress, and that increased WMI
in the left anterior Cg and Uf after the earthquake was an
acquired sign of post-earthquake distress [10].

In the current study, we examined WMI changes in sub-
jects from the previous investigation 1 year later (followup)
[10]. We tried to identify WMI changes that occurred in early
(pre to post) and late (post to followup) phases after this
stressful life event and investigated when and where these
WMI changes occurred. In particular, we focused on the
prognosis of FA changes in the right anterior Cg and the left
anterior Cg and Uf, which were identified as a preexisting vul-
nerability factor and an acquired sign of post-earthquake
distress, respectively.

2. Materials and Methods

2.1. Subjects. All subjects participated in our previous inves-
tigation [10, 11]. Of the 30 subjects in our previous DTT study
[10], we rerecruited 25 subjects (male/female = 19/6, age =
21.7 + L4yr) and assessed their structural DTI results one
year after the earthquake. We screened for neuropsychiatric
disorders using the Mini International Neuropsychiatric
Interview (M.IN.L) [12, 13]. Handedness was assessed using
the Edinburgh Handedness Inventory [14]. All subjects pro-
vided written informed consent before participating in the
current study, which examined the possible effects of psy-
chological trauma on brain structure, in accordance with the
Declaration of Helsinki [15]. The M.I.N.L confirmed that no
subject had any history of psychiatric illness including PTSD
and no subjects were exposed to life-threatening experiences
due to the earthquake or tsunami. The current study was
approved by the Ethics Committee of Tohoku University.

2.2. Psychological Evaluations. All participants were inter-
viewed by trained psychologists using the Japanese version
of the clinician-administered PTSD scale (CAPS) structured
interview [16, 17]. In accordance with the M.LN.I, no
subject was diagnosed as having PTSD. Levels of anxiety
and depression were evaluated using the State-Trait Anxiety
Inventory (STAT) [18, 19] and the Center for Epidemiologic
Studies Depression Scale (CES-D) [20, 21]. Psychological
traits related to resilience in response to stressful life events
were assessed using the Japanese version of the Posttraumatic
Growth Inventory (PTGI-]) [22, 23] and the Japanese version
of the Rosenberg Self-Esteem Scale [24, 25]. All psychological
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measures were assessed at 3 to 4 months (post) and at I year
(followup) after the earthquake.

2.3. Image Acquisition. All MRI data were acquired with a 3-
T Philips Intera Achieva scanner. The diffusion-weighted data
were acquired using a spin-echo EPI sequence (TE = 55 ms,
FOV =22.4cm, 2 X 2 X 2 mm° voxels, 60 slices). The diffusion
weighting was isotropically distributed along 32 directions
(b value = 1,000 s/mm?). Additionally, a dataset with no
diffusion weighting (b value = 0s/mm? b0 image) was
acquired. The total scan time was 7 min 17 s. Then, fractional
anisotropy (FA) values were calculated from the collected
images. This information is of particular interest when mak-
ing inferences regarding white matter microstructural prop-
erties, as diffusion is faster along axons than in the perpen-
dicular direction. Consequently, diffusion in white matter is
anisotropic (i.e., diffusion rates in different directions are
unequal). By contrast, isotropic diffusion is equally fast in all
directions. FA in each voxel was used as a measure of the
degree of diffusion anisotropy. FA varies between 0 and 1,
with 0 representing isotropic diffusion and 1 representing
diffusion occurring entirely in one direction. After DTTimage
acquisition, FA map images were calculated from DTI using
software preinstalled on the Philips MR console.

2.4. Preprocessing of Diffusion Imaging Data. Preprocessing
and data analysis were performed using statistical Parametric
Mapping software (§PM5; Wellcome Department of Cog-
nitive Neurology, London, UK) implemented in MATLAB
(MathWorks, Natick, MA, USA). First, our original b0
image template was created as follows. Using the affine and
nonlinear spatial normalization algorithm, the b0 images
from the pre-earthquake scans of all subjects in this study
were spatially normalized to the SPM5 T2 template, which is
based on averages taken from 152 brains from the Montreal
Neurological Institute database. Then, we calculated a mean
image of the normalized b0 images as our original b0 image
template., Using the affine and nonlinear spatial normaliza-
tion algorithm, the b0 image of each participant was normal-
ized to our original b0 image template. Before normalization
of the FA map, the postearthquake FA maps were coregistered
with the pre-earthquake FA maps from each subject. Then,
using the parameter for this affine and nonlinear normal-
ization procedure, an FA map image of each participant was
spatially normalized to yield images with 2 X 2 x 2 mm voxels
and spatially smoothed using a Gaussian kernel of 10 mm
FWHM. The resulting maps representing FA were then sub-
jected to the group regression analysis described below.

2.5. Statistical Analysis. Differences in FA between before the
earthquake (pre), 3-4 months after the earthquake (post), and
1 year after the earthquake (followup) were compared using
analysis of covariance (ANCOVA) in SPM5. The analysis
was performed with sex and period between MR acquisition
and the earthquake as additional covariates. Differential
FA between time periods was detected as a main effect
(pre/post/followup) using F-contrasts in SPM. The signif-
icance level was set at P = 0.05, corrected for multiple
comparisons (voxel-level family-wise error) and k > 10 to
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TaBLE I: Psychological measures.
Post Followup P value
CAPS (total) 6.6 +9.6 1.6+£29 0.04
CES-D score 121 £10.6 10.7 £9.3 n.s.
STAI scores
State 441 +11.8 392+104 n.s.
Trait 42.7 £9.6 43.2+11.2 n.s.
Self-esteem 32.8+82 32.8+89 n.s.
PTGI-] (total) 33.8 £18.9 343 +19.3 .s.

Values are shown as mean + standard deviation.

CAPS: clinician-administered PTSD scale, CES-D: center for epidemiologic studies depression scale, STAL state-trait anxiety inventory, and PTGI-J: Japanese

version of the posttraumatic growth inventory.

TasLE 2: MNI coordinates, voxel sizes, F values, and P values for results of the SPM analyses.

MNT coordinates

Brain region . P : k (voxels) F values P values (FWE)
Rt anterior Cg 26 52 14 55 21.68 0.002
Rt Uf 8 46 -22 10 19.38 0.007
Lt Uf -32 44 -6 72 33.49 0.000
Lt SLF -28 -18 22 63 24.21 0.001
Lt thalamus -10 -22 10 23 17.96 0.017

MNI: montreal neurological institute, Rt: right, Lt: left, Cg: cingulum, Uf: uncinate fasciculus, and SLF: superior longitudinal fissure.

suppress the possibility of small clusters arising by chance.
Additionally, to check for structural changes between each
period (pre versus post, pre versus followup, and post versus
followup), paired t-tests were performed for each cluster
identified as a main effect in the ANCOVA. Finally, to
ascertain the l-year prognosis of FA changes as a preexisting
vulnerability factor and as an acquired sign of postearthquake
distress, post hoc correlation analysis was performed includ-
ing the scores for postearthquake distress (e.g., CAPS and
STAl-state at post) and FA changes from pre to followup in
the right anterior Cg (i.e., a preexisting vulnerability factor at
Pre) as well as from post to followup in the left anterior Cgand
Uf (i.e., an acquired sign at Post) within the clusters detected
by the ANCOVA.

All FA tests were performed using an absolute threshold
of FA >0.2 [26], such that if a voxel anywhere in the brain
had an FA value >0.2 in all subjects, that voxel was included
in the analysis. This measure was used because FA is more
susceptible to errors arising from partial volumes [27], and
this FA cut-off value allowed us to dissociate white matter
structure from other tissue [28].

3. Results

As for psychological measures, the CAPS total score signif-
icantly recovered between post and followup (6.6 + 11.2 to
1.6 £2.9, P < 0.05). Scores on STAI-state (44.1 + 11.4 to
39.2 £ 104, n.s.), STAI-trait (42.7 + 9.6 to 43.2 + 11.2, n.s.),
CES-D (12.1 £10.6 to 10.7 £ 9.3, n.s.), Rosenberg self-esteem
scale (32.8 £ 8.2 t0 32.8 + 8.9, n.s.), and PTGI-J (33.8 + 18.9
to 34.3 + 19.3, n.s.) were not significantly changed from post
to followup (Table 1).
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We found differential FAs to be a significant main effect
of time period (pre/post/followup) in the right anterior Cg,
bilateral Uf, left superior longitudinal fasciculus (SLF), and
the thalamus (Table 2, Figure 1). post hoc correlation analyses
revealed a significant positive correlation between the FA
changes in the right anterior Cg from pre to followup and
CAPS scores at post (Spearman’s Rho = 0.414, P = 0.039,
Figure 2(a)) and a significant negative correlation between
the FA changes in the left Uf from post to followup and STAI-
state scores at post (r = —0.440, P = 0.028, Figure 2(b)).

4, Discussion

To the best of our knowledge, this is the first longitudinal
study to track microstructural changes in the brain at three
time points: before, a short time after, and a long time after
a disaster. We found differential FA at each time point in
the right anterior Cg, bilateral Uf, left SLF, and left thalamus.
According to the results of additional comparisons, we cate-
gorized the data according to the following three types of FA
changes: normalization from initial FA changes in the right
anterior Cg and right Uf (Figures 1(a) and 1(b)), sustained
FA changes from the early phase in the left Uf (Figure 1(c)),
and FA changes appearing during the late phase in the left SLF
and thalamus (Figures 1(d) and 1(e)).

Increased or decreased WMI both a short and a long time
after a disaster is likely to be due to synaptic enhancement and
shrinkage, respectively. Biologically, synaptic enhancement
or shrinkage has been observed in altered white matter fol-
lowing stress [3]. These changes are caused by hyper-secretion
of glucocorticoids, a stress hormone [29]. The effects
of stress hormones on the brain are observed as an inverse
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Ficure L: (a) FA in the right anterior Cg was significantly increased frem pre to post (P < 0.05, paired #-test) and from pre to followup
(P < 0.05, paired t-test), but it was significantly decreased from post to followup (P < 0.05, paired t-test). (b) FA in the right Uf was
significantly decreased from pre to post (P < 0.05, paired f-test), but it was significantly increased from post to followup (P < 0.05, paired
t-test). (¢) FA in the left Uf was significantly decreased from pre to post (P < 0.05, paired f-test) and from pre to followup (P < 0.05,
paired f-test). (d) FA in the left SLE was significantly decreased from pre to followup (P < 0.05, paired t-test) and from post to followup
(P < 0.05, paired t-test). (e) FA in the left Th was significantly increased from post to followup (P < 0.05, paired t-test). These FA changes are
illustrated by the plots at the bottom: vertical axes represent FA at peak voxels in each cluster, and horizontal axes indicate time periods. Error
bars represent standard deviations. Colored bars represent F values. FA: fractional anisotropy; Rt: right; Lt: left; Cg: cingulum; UE: uncinate

fasciculus; SLE: superior longitudinal fasciculus; Th: thalamus.

U shape, depending on dose and time [30]. Additionally,
stress-induced structural and functional alterations have
been shown to be reversible, at least in the prefrontal cortex
[31, 32]. In the context of these considerations, we assumed
that FA changes in the right anterior Cg were consistent with
the aforementioned concept and that increased FA in the
thalamus and decreased FA in the Uf and SLF reflected the
rising and falling components, respectively, of the inverse U-
shaped curve that characterizes such changes.

The results of correlation analyses and our previous find-
ings [10] led us to speculate that, in some subjects, the WMI
changes reflected normalization after initial changes. Such
reversible WMI changes are congruent with the aforemen-
tioned biological conceptualizations [30-32]. As discussed
below, we interpreted such WMI changes as not only signs of
recovery from emotional distress shortly after a disaster but
also as predictors of a better prognosis for subjects with more
pronounced psychological responses to a stressful event,
namely, following two cases.

First, the WMI changes in the left Uf identified in some
subjects who reported distress indicated that recovery from
emotional distress is possible following a stressful event. Our
previous study demonstrated that the WMI was greater in
the left Uf after the earthquake as compared with before the
earthquake and was positively correlated with state anxiety
levels, suggesting that the increased WMI in the left Uf was
an acquired sign of emotional distress soon after a disaster
[10]. In the present study, the WMI in the left Uf decreased
from soon after (Post) to one year after (followup) the
earthquake in subjects who had had higher state anxiety
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levels soon after the earthquake (Post). The Uf, which is also
involved in emotional processing [33], is a principal white
matter tract that connects the orbitofrontal cortex (OFC)
and limbic regions, including the amygdala and the anterior
temporal cortices [34, 35]. Neural responses in the OFC are
preferentially enhanced, along with those in the amygdala,
during extinction [36] and this relationship is crucial to the
voluntary regulation of emotion {37]. Taking the functional
roles of the Uf into account, the current results suggest that
WDMIin the Uf, which was elevated soon after the earthquake,
reflecting the requirements of emotional regulation related to
postearthquake stress, declined 1 year after the earthquake.
Next, the WMI changes in the right anterior Cg in
some subjects who reported subclinical PTSD symptoms also
suggested that a stressful event would strengthen structural
connectivity, particularly in vulnerable subjects. The anterior
Cg bundle is a part of the principal white matter tract in
the Papez circuit, which includes the ACC and the amygdala
[38]. Reduced WMI in the anterior Cg is frequently reported
in patients with anxiety disorders such as PTSD [6-8, 39],
social anxiety disorder {SAD) [40], and generalized anxiety
disorder (GAD) [41] and in healthy subjects with high trait
anxiety [42, 43]. It has been suggested that reduced WMI in
the Cg represents dysfunctional emotion processing in such
patients [6-8, 39-41]. Our previous study revealed that lower
WMI in the right anterior Cg was a preexisting vulnerability
factor for emotional distress soon after a disaster [10]. The
current results showing the positive correlation between
increased WMI in the right anterior Cg and CAPS scores
demonstrated that those who had more PTSD symptoms
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FIGURE 2: (a) CAPS scores were positively associated with FA changes from pre to followup in the right anterior Cg (Spearman’s Rho = 0.414,
P =0.039), and (b) STAI-state scores were positively associated with FA changes from post to followup in the left Uf (r = —0.440, P = 0.028),
as illustrated by the scatter plots on the right. Vertical axes represent FA changes al peak voxels in each cluster, and horizontal axes indicate
(a) CAPS scores and (b) STAI-state scores. FA: fractional anisotropy; Rt: right; Lt: left; Cg: cingulum; Uf: uncinate fasciculus.

soon after the earthquake displayed increased structural
connectivity in the anterior Cg from before to 1 year after the
earthquake. Furthermore, although depression and anxiety
levels did not improve from 3-4 months after to I year after the
earthquake, none of the subjects in this study developed clin-
ical PTSD. Together, the findings suggest that dynamic WMI
changes in the Cg predict a better prognosis, whereas persis-
tently lower WMI represents cognitive dysfunction, implying
the development of anxiety disorders (e.g., PTSD, SAD, and
GAD).

White matter changes due to maturation and/or aging
should be taken into account when interpreting the results,
because this study did not include a control group, which isa
limitation of this study. This is particularly problematic with
respect to interpreting WMI changes, such as the increased
WMI in the thalamus and the decreased WMI in the
SLE, without evaluating their correlation with psychological
measures. A recent study that investigated WMI changes due
to maturation and/or aging revealed that peak FAs in the
Cg, Uf, and SLF were observed in subjects older than the
age range of our subjects (19 to 25yr) [44]. Another study
reported increased FA in thalamic radiations with age [45]. In
contrast, another recent study investigating longitudinal FA
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changes at younger ages found that FA in the Uf decreased
by almost half in subjects ranging in age from 19 to 25 [46].
Thus, decreased WMI in the SLF is unlikely to have occurred
in our subjects, whereas it is difficult to reject the possibility
that our finding of the increased WMI in the thalamus is
a result of maturation. Nevertheless, the interpretation of
WMI changes, such as the increased WMI in the Cg and
the decreased WMI in the Uf, and their correlation with
psychological measures are less problematic. We believe that
the current study provides sufficient evidence of the short-
and long-term effects on the brain microstructure despite the
absence of a control group.

5. Conclusions

The present followup DTI study showed the long lasting
effects of stressful events on brain microstructure. Our find-
ings suggest that microstructures within the brain change due
to stress and recovery. We assumed that brain microstructural
changes due to stressful life events were not static but
dynamic through life. Recently, the alteration of functional
and structural connectivity, including regions adjacent to the
Cg and the Uf, was reported in subjects soon after a disaster



[47, 48]. Therefore, further longitudinal investigations using
multimodal approaches are necessary to examine whether the
stress-induced alterations in brain structure are reversible.

Conflict of Interests

The authors declare that they have no conflict of interests.

Awuthors” Contribution

All authors contributed to the concept and design of the
study. Atsushi Sekiguchi, Yuka Kotozaki, Motoaki Sugiura,
Tsuyoshi Araki, Sugiko Hanawa, Seishu Nakegawa, and
Carlos Makoto Miyauchi contributed to data acquisition.
Atsushi Sekiguchi, Motoaki Sugiura, Yuka Kotozaki, Rui
Nouchi, Hikaru Takeuchi, Tsuyoshi Araki, Yasuyuki Taki, and
Ryuta Kawashima contributed to the data analysis and inter-
pretation. Atsushi Sekiguchi, Motoaki Sugiura, Rui Nouchi,
Hikaru Takeuchi, Tsuyoshi Araki, Yasuyuki Taki, and Ryuta
Kawashima provided statistical expertise. Atsushi Sekiguchi
wrote the paper. Motoaki Sugiura, Rui Nouchi, Hikaru
Takeuchi, Yasuyuki Taki, and Ryuta Kawashima reviewed/
revised the paper. All authors discussed the results and com-
mented on the paper. All authors gave their final approval for
the paper to be submitted.

Acknowledgments

The authors thank their study participants, the psychological
test examiners, and all of their colleagues at the Institute of
Development, Aging, and Cancer and at Tohoku University
for their support. Atsushi Sekiguchi was supported by a Grant
for Special Project Research from the International Research
Institute of Disaster Science, a grant-in-Aid for Young Scien-
tists (B) (KAKENHI 24790653) from the Ministry of Educa-
tion, Culture, Sports, Science, and Technology, and grants-in-
Aid for Scientific Research (H24-seishin-wakate014) from the
Ministry of Health, Labor, and Welfare in Japan.

References

[1] G. A. Van Wingen, E. Geuze, E. Vermetten, and G. Ferndndez,
“Perceived threat predicts the neural sequelae of combat stress,”
Molecular Psychiatry, vol. 16, no. 6, pp. 664-671, 2011.

G. A. Van Wingen, E. Geuze, E. Vermetten, and G. Ferndndez,
“The neural consequences of combat stress: long-term follow-
up,” Molecular Psychiatry, vol. 17, no. 2, pp. 116-118, 2012.

M. Popoli, Z. Yan, B. S. McEwen, and G. Sanacora, “The stressed
synapse: the impact of stress and glucocorticoids on glutamate
transmission,” Nature Reviews Neuroscience, vol. 13, no. 1, pp.
22-37, 2012.

D. Le Bihan, “Looking into the functional architecture of the
brain with diffusion MRI,” Nature Reviews Neuroscience, vol. 4,
no. 6, pp. 469-480, 2003.

] O. Abe, H. Yamasue, K. Kasai et al.,, “Voxel-based difTusion
tensor analysis reveals aberrant anterior cingulum integrity
in posttraumatic stress disorder due to terrorism,” Psychiatry
Research, vol. 146, no. 3, pp. 231-242, 2006.

L. Zhang, Y. Zhang, L. Li et al,, “Different white matler abnor-
malities between the first-episode, treatment-naive patients

—_
R/

41

BioMed Research International

with posttraumatic stress disorder and generalized anxiety
disorder without comorbid conditions,” Journal of Affective
Disorders, vol. 133, no. 1, pp. 294-299, 2011,

S.J. Kim, D.-U. Jeong, M. E. Sim et al.,, “Asymmetrically altered
integrity of cingulum bundle in posttraumatic stress disorder,”
Neuropsychobiology, vol. 54, no. 2, pp. 120-125, 2007.

M. J. Kim, L. K. Lyoo, S. ]. Kim et al., “Disrupted white mat-
ter tract integrity of anterior cingulate in trauma survivors,
NeuroReport, vol. 16, no. 10, pp. 1049-1053, 2005.

L.Chen, S. Lui, Q.-Z. Wu et al., “Impact of acute stress on human
brain microstructure: an MR diffusion study of earthquake
survivors,” Human Brain Mapping, vol. 34, no. 2, pp. 367-373,
2013,

A. Sekiguchi, M. Sugiura, Y. Taki et al.,, “White matter micro-
structural changes as vulnerability factors and acquired signs
of post-earthquake distress,” PLoS ONE, vol. 9, no. 1, Article ID
e83967, 2014.

A. Sekiguchi, M. Sugiura, Y. Taki et al.,, “Brain structural changes
as vulnerability factors and acquired signs of post-earthquake
stress,” Molecular Psychiatry, vol. 18, no. 5, pp. 618-623, 2013.

D. V. Sheehan, Y. Lecrubier, K. H. Shechan et al,, “The Mini-

international neuropsychiatric interview (M.LN.L): the devel-

opment and validation of a structured diagnostic psychiatric
interview for DSM-IV and ICD-10, The journal of Clinical

Psychiatry, vol. 59, 20, pp. 22-33, 1998.

T. Otsubo, K. Tanaka, R. Koda et al,, “Reliability and validity

of Japanese version of the mini-international neuropsychiatric

interview,” Journal of Psychiatry and Clinical Neurosciences, vol.

59, no. 5, pp. 517-526, 2005.

R. C. Oldfield, “The assessment and analysis of handedness: the

Edinburgh inventory,” Neuropsychologia, vol. 9, no. 1, pp. 97-113,

1971.

[15] “Declaration of helsinki,” Law, Medicine ¢» Health Care, vol. 19,
pp. 264-265, 1991,

{16] D.D. Blake, E.'W. Weathers, L. M. Nagy et al., “The development
of a clinician-administered PTSD scale)” Journal of Traumatic
Stress, vol. 8, no. 1, pp. 75-90, 1995.

[17] N. Asukai and A. Nishizono-Maher, “The Japanese version of
clinician-administered PTSD scale,” Tokyo Institute of Psychia-
try, Tokyo, Japan, 1998.

{18} C. Spielberger, R. Gorsuch, R. Lushene, P. Vagg, and G. Jacobs,

Manual for the Stale-Trail Anxiety Inventory, Consulting Psy-

chologists Press, Palo Alto, Calif, USA, 1983.

K. Nakazato and T. Mizuguchi, “How to use STAIL Sankyoubou,

Kyoto, Japan, 1982.

L. 8. Radloff, “The CES-D scale: a self-report depression scale

for research in the general population,” Applied Psychological

Measurement, vol. 1, no. 3, pp. 385-401, 1977.

S.Shima, T. Shikano, T. Kitamura, and M. Asai, “New self-rated

scale for depression,” Japanese Journal of Clinical Psychiatry, vol.

27, pp. 717-723, 1985 (Japanese).

R. G. Tedeschi and L. G. Calhoun, “The posttraumatic growth

inventory: measuring the positive legacy of trauma,” Journal of

Traumatic Stress, vol. 9, no. 3, pp. 455-471,1996.

K. Taku, L. G. Calhoun, R. G. Tedeschi, V. Gil-Rivas, R. P.

Kilmer, and A. Cann, “Examining posttraumatic growth among

Japanese university students,” Anxiety, Stress and Coping, vol. 20,

10. 4, pp. 353-367, 2007.

M. Rosenberg, Society and the Adolescent Self-Image, Princeton

University Press, Princeton, NJ, USA, 1965.



BioMed Research International

[25]

(26]

(28]

[30

[31

[41]

M. Yamamoto, Y. Matsui, and Y, Yamanari, “Substructure of self-
recognition,” Japanese Journal of Educational Psychology, vol. 30,
pp. 64-68,1982.

J. Albrecht, P. R. Dellani, M. J. Miller et al., “Voxel based
analyses of diffusion tensor imaging in Fabry disease Journal
of Neurology, Neurosurgery & Psychiatry, vol. 78, no. 9, pp. 964-
969, 2007.

A Pfefferbaum and E. V. Sullivan, “Increased brain white matter
diffusivity in normal adult aging: relationship to anisotropy and
partial voluming,” Magnetic Resonance in Medicine, vol. 49, no.
5, pp. 953-961, 2003,

D. H. Salat, D. 8. Tuch, D. N. Greve et al, “Age-related alterations
in white matter microstructure measured by diffusion tensor
imaging,” Neurobiology of Aging, vol. 26, no. 8, pp. 1215-1227,
2005.

R. M. Sapalsky, “Glucocorticoids and hippocampal atrophy in
neuropsychiatric disorders,” Archives of General Psychiatry, vol.
57, no. 10, pp. 925-935, 2000.

M. Joéls, “Corticosteroid effects in the brain: U-shape it,” Trends
in Pharmacological Sciences, vol. 27, no. 5, pp. 244-250, 2006.

J. . Radley, A. B. Rocher, W. G. M. Janssen, P. R. Hof, B. S.
McEwen, and J. H. Morrison, “Reversibility of apical dendritic
retraction in the rat medial prefrontal cortex following repeated
stress,” Experimental Neurology, vol. 196, no. 1, pp. 199-203,
2005.

C. Liston, B. S. McEwen, and B. ]. Casey, “Psychosocial stress
reversibly disrupts prefrontal processing and attentional con-
trol,” Proceedings of the National Academy of Sciences of the
United States of America, vol. 106, no. 3, pp. 912-917, 2009.

H. T. Ghashghaei and H. Barbas, “Pathways for emotion:
interactions of prefrontal and anterior temporal pathways in the
amygdala of the rhesus monkey,” Neuroscience, vol. 115, no. 4, pp.
1261-1279, 2002.

H. T. Ghashghaei, C. C. Hilgetag, and H. Barbas, “Sequence
of information processing {or emotions based on the anatomic
dialogue between prefrontal cortex and amygdala,” Neurolmage,
vol. 34, no. 3, pp. 905-923, 2007.

U. Ebeling and D. V. Cramon, “Topography of the uncinate fas-
cicle and adjacent temporal fiber tracts, Acta Neurochirurgica,
vol. 115, no. 3-4, pp. 143-148, 1992.

]. A. Gottfried and R. J. Dolan, “Human orbitofrontal cortex
mediates extinction learning while accessing conditioned repre-
sentations of value,” Nature Neuroscience, vol. 7, no. 10, pp. 1144
1152, 2004.

K. N. Ochsner and J. J. Gross, “The cognitive control of
emotion,” Trends in Cognitive Sciences, vol. 9, no. 5, pp. 242249,
2005.

M. B. Hamner, J. P. Lorberbaum, and M. S. George, “Potential
role of the anterior cingulate cortex in PTSD: review and
hypothesis,” Depression and Anxiety, vol. 9, no. 1, pp. 1-14, 1999.
N. Schuff, Y. Zhang, W. Zhan et al., “Patterns of altered cortical
perfusion and diminished subcortical integrity in posttraumatic
stress disorder: an MRI study, Neurolmage, vol. 54, no. 1, pp.
562-568, 2011.

V. Baur, A. B. Brithl, U. Herwig et al., “Evidence of frontotem-
poral structural hypoconnectivity in social anxiety disorder: a
quantitative fiber tractography study, Human Brain Mapping,
vol. 34, no. 2, pp. 437-446, 2011

J. M. Hettema, B. Kettenmann, V. Ahluwalia et al., “Pilot mul-
timodal twin imaging study of generalized anxiety disorder,
Depression and Anxiety, vol. 29, no. 3, pp. 202-209, 2012.

42

[42]

[43]

[44]

M. J. Kim and P. J. Whalen, “The structural integrity of an
amygdala-prefrontal pathway predicts trait anxiety,” Journal of
Neuroscience, vol. 29, no. 37, pp. 11614-11618, 2009.

V. Baur, J. Hinggi, and L. Jancke, “Volumetric associations
between uncinate fasciculus, amygdala, and trait anxiety,” BMC
Neuroscience, vol. 13, no. 1, article 4, 2012.

C. Lebel, M. Gee, R. Camicioli, M. Wieler, W. Martin, and
C. Beaulieu, “Diffusion tensor imaging of white matter tract
evolution over the lifespan,” Neurolmage, vol. 60, no. 1, pp. 340-
352, 2012.

B. D. Pelers, P. R. Szeszko, J. Radua et al.,, “White matter devel-
opment in adolescence: diffusion tensor imaging and meta-
analytic results,” Schizophrenia Bulletin, vol. 38, no. 6, pp. 1308-
1317, 2012.

C. Lebel and C. Beaulieu, “Longitudinal development of human
brain wiring continues from childhood into adulthood,” Journal
of Neuroscience, vol. 31, no. 30, pp. 10937-10947, 2011.

S. Lui, X. Huang, L. Chen et al., “High-field MRI reveals an
acute impact on brain function in survivors of the magnitude
8.0 earthquake in China,” Proceedings of the National Academy
of Sciences of the United States of America, vol. 106, no. 36, pp.
15412-15417, 2009.

S. Lui, L. Chen, L. Yao et al., “Brain structural plasticity in
survivors of a major earthquake,” Journal of Psychiatry &
Neuroscience, vol. 38, no. 6, Article ID 120244, pp. 381-387, 2013.



eafment

Intemational Joural of

Brain Science

Scientifica

Submit your manuscripts at
http://www.hindawi.com

A S
AUTISM .
Res edrch and Tream nt Neural Plasticity

Computattonal and ‘ B S P
Mathematical- Methods Neurology -+ The Scientific Cardiovascular Psych!atry
in Medicinie 3 Research lntematlonal World Journal : and Neuroiogy :

:'Neurosc € nee - ‘ : Parkmson S

Journal of o
Neurodegenerattve e BioMed
Diseases S e Research International

43




OPLOS | oxe

White Matter Microstructural Changes as Vulnerability
Factors and Acquired Signs of Post-Earthquake Distress
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Abstract

Many survivors of severe disasters need psychological support, even those not suffering post-traumatic stress disorder
(PTSD). The critical issue in understanding the psychological response after experiencing severe disasters is to distinguish
neurological microstructural underpinnings as vulnerability factors from signs of emotional distress acquired soon after the
stressful life event. We collected diffusion-tensor magnetic resonance imaging (DTl) data from a group of healthy
adolescents before the Great East Japan Earthquake and re-examined the DTls and anxiety levels of 30 non-PTSD subjects
from this group 3-4 months after the earthquake using voxel-based analyses in a longitudinal DTl study before and after the
earthquake. We found that the state anxiety level after the earthquake was negatively associated with fractional anisotropy
(FA) in the right anterior cingulum (Cg) before the earthquake (r=—0.61, voxel level p<<0.0025, cluster level p<<0.05
corrected), and positively associated with increased FA changes from before to after the earthquake in the left anterior Cg
(r=0.70, voxel level p<<0.0025, cluster level p<<0.05 corrected) and uncinate fasciculus (Uf) (r=0.65, voxel level p<<0.0025,
cluster level p<<0.05 corrected). The results demonstrated that lower FA in the right anterior Cg was a vulnerability factor
and increased FA in the left anterior Cg and Uf was an acquired sign of state anxiety after the earthquake. We postulate that
subjects with dysfunctions in processing fear and anxiety before the disaster were likely to have higher anxiety levels
requiring frequent emotional regulation after the disaster. These findings provide new evidence of psychophysiological
responses at the neural network level soon after a stressful life event and might contribute to the development of effective
methods to prevent PTSD.
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Introduction

The Japanese earthquake, a severe earthquake with a magni-
tude of 9.0, hit Japan on March 11, 2011. Many survivors
maintain high anxiety levels due to the earthquake aftermath
including frequent aftershocks and dispersed radioactive material
leaking from nuclear plants[1]. Therefore, even those without
posttraumatic stress disorder (PTSD) often require psychological
support [2].

The neurological characteristics of subjects with PTSD [3] or
stressful life events [4], [5] have been well characterized. Recently,
diffusion-tensor magnetic resonance imaging (DTI) [6] was used to
investigate white matter structural changes in patients with PTSD
[7-10], also in healthy survivors of a disaster [11], suggesting the
white matter integrity (WMI) changes in the anterior cingulum
(Cg). However, a causal relationship with stressful life events
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remains unclear because of the cross-sectional designs. Detecting
neurological underpinnings as a vulnerability factor and the
acquired signs of emotional distress soon after stressful life events
might contribute to a better understanding of psychological
responses to stressful life events and early detection and prevention
of PTSD for normal population. A previous study from our lab
demonstrated longitudinal changes in grey matter volume from
before to after the earthquake [12], suggesting that the reduced
volume in the right anterior cingulate cortex before the earthquake
was a pre-existing vulnerability factor, and the decreased volume
in the left orbitofrontal cortex from before to after the earthquake
was an acquired sign of post-earthquake stress. Beyond grey
matter volume changes, investigating longitudinal FA changes
before and after an earthquake can provide detailed evidence of
microstructural abnormalities, particularly in structural connec-
tivity related to emotional distress, after stressful life events.
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This study attempted to identify WMI changes representing
vulnerability factors and acquired signs of survivors’ reports of
emotional distress based on a longitudinal study of DTI data
obtained from normal subjects before and after the earthquake. In
fact, multiple studies performed in our laboratory collected DTI
data from a group of healthy subjects before the earthquake.
Therefore, this tragedy provided a rare opportunity to investigate
WMI changes associated with such a disaster. Thirty subjects were
recruited from this group to examine DTI 3~4 months after the
earthquake. Anxiety levels were assessed as a measure of emotional
distress following the disaster using the Japanese version of the
State—Trait Anxiety Inventory (STAI) [13],[14]. State anxiety
represents a psychological response to a stressful event, whereas
trait anxiety represents a stable feature of one’s personality.
Therefore, we assumed that state anxiety scores were more
appropriate than trait anxiety scores for assessing the psychological
distress experienced soon after the earthquake, and we used state
anxiety scores as a measure of the psychological distress
experienced soon after the earthquake. We hypothesized that (a)
vulnerability factors for anxiety levels after the earthquake could
be detected by a significant association between state anxiety and
FA before the earthquake (Pre FA) around brain regions
previously implicated in PTSD and (b) the acquired signs could
be detected by a significant association between state anxiety and
WMI changes from before to after the earthquake (Post — Pre FA).

Methods and Materials

Recruitment and selection of participants

Eligible right-handed participants with no history of neuropsy-
chiatric disorders were recruited from the undergraduate and
postgraduate student population of the Tohoku University
community. All candidates had participated in previous Magnetic
Resonance Imaging (MRI) experiments conducted in our labora-
tory, had undergone DTI in the 2 years before the earthquake,
and had agreed in advance to re-analyses of MRI scans taken
before the earthquake. Because all candidates lived near the city of
Sendai, which was seriously affected by the earthquake, control
subjects with no experience with the earthquake were not
recruited. Screening for neuropsychiatric disorders was conducted
using the Mini-International Neuropsychiatric Interview (M.LN.I.)
[15], [16]. Handedness was assessed using the Edinburgh
Handedness Inventory [17]. Among the numerous candidates in
our database of past experiments, 30 could be contacted. All
candidates enrolled in this study were part of a previous study
conducted in our lab investigating grey matter volume before and
after the earthquake [12]. Among the participants in this study
[12], those who did not undergo DTI were excluded from the
current investigation. All candidates met the above eligibility
criteria and provided written informed consent before participat-
ing in the study. The M.LN.L confirmed that no subject had a
history of psychiatric illness, including PTSD. Additionally, no
subjects were taking medications for psychiatric symptoms
according to a self-report questionnaire written both before and
after the earthquake. This study and all previous studies were
approved by the Ethics Committee of Tohoku University School
of Medicine.

Psychological evaluation

All participants were evaluated for levels of anxiety using the
STAI [13], [14]. The STAI measures state anxiety levels by asking
subjects about their feelings “‘right now,” whereas it measures trait
anxiety levels by asking about their “usual” feelings. Levels of
depression were assessed by the Center for Epidemiologic Studies
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Depression scale (CESD) [18], [19]. Coping styles used in daily life
were assessed using the Stress Coping Inventory (SCI) [20];
Japanese version developed by the Japanese Institute of Health
[21]. The SCI includes two major factors: 1) cognitive coping
strategy, and 2) emotional coping strategy.

All participants were also interviewed by trained psychologists
using the Japanese version of the Clinician-Administered PTSD
Scale (CAPS) structured interview [22], [23]. In accordance with
the M.LN.I, no subject was diagnosed with PTSD. As for
criterion A in CAPS, seven subjects experienced the earthquake as
a supra-threshold psychological trauma. Although they did not
experience direct life-threatening events due to the earthquake or
tsunami, some of them thought that the houses or buildings that
they were in at the time of the earthquake might collapse, and
some of them thought that the leakage of radioactive materials
from nuclear plants might be life threatening. As a result, these
seven subjects were assessed to have satisfied criterion A. Actually,
four of the seven subjects who met criterion A did not have any
PTSD symptoms. As for criteria B, C and D in CAPS, of the 30
participants, seven met more than one criterion but none met all
criteria for the three clusters of PTSD symptoms, which include
re-experiencing the event, avoidance, and hyperarousal. Four of
the seven subjects who had more than one PTSD symptom also
did not experience life-threatening events due to the earthquake or
tsunami. Specifically, the PTSD symptoms of these four subjects
were mainly caused not by the earthquake directly but by the
leakage of radioactive materials from nuclear plants or differences
in interpersonal relationships after the earthquake. We believe that
psychological stress from this kind of disaster comes not only from
the disaster itself but also from continuous stressful events after the
disaster. Additionally, the highest total CAPS score was 39, which
is categorized as subthreshold PTSD [24]. Therefore, all subjects
were regarded as “non-PTSD.” The structured diagnostic
interview and MRI analysis were conducted 3~4 months after
the earthquake.

Al psychological measurements were evaluated after the
earthquake. The demographic characteristics of the subjects are
presented in Table 1.

Image acquisition

All MRI data were acquired with a 3-T Philips Intera Achieva
scanner. The diffusion-weighted data were acquired using a spin-
echo echo-planar imaging (EPI) sequence (TR =10,293 ms,
TE =55 ms, big delta (A)=26.3 ms, littde delta (8)=12.2 ms,
FOV =224 cm, 2x2x2 mm” voxels, 60 slices, SENSE reduction
factor = 2, number of acquisitions = 1). The diffusion weighting
was isotropically distributed along 32 directions (b wval-
ue = 1,000 s/ mm2). Additionally, a dataset with no diffusion
weighting (b value =0 s/mm? b0 image) was acquired. The total
scan time was 7 min 17 s. Then, FA values were calculated from
the collected images. This information is of particular interest
when making inferences regarding white matter microstructural
properties, as diffusion is faster along axons than in the
perpendicular direction. Consequently, diffusion in white matter
is anisotropic (e, diffusion rates in different directions are
unequal). By contrast, isotropic diffusion is equally fast in all
directions. FA in each voxel was used as a measure of the degree of
diffusion anisotropy. FA varies between 0 and 1, with 0
representing isotropic diffusion and 1 representing diffusion
occurring entirely in one direction. After DTT image acquisition,
FA map were calculated from DTI data using the software that
was pre-installed on the Philips MR console.
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Table 1. Demographic characteristics of the non-PTSD
survivors.

30 @4/6)
21.0+1.6

11.3x10.0

429+11.2

SClI scores

Em . 30.7£9.8

Values are shown as means * standard deviations.

CAPS, clinician-administered PTSD scale; CESD, Center for Epidemiologic
Studies Depression scale; STAI, State~Trait Anxiety Inventory; SC|, Stress Coping
Inventory; Co, cognitive coping strategy; Em, emotional coping strategy.
doi:10.1371/journal.pone.0083967.t001

Pre-processing of diffusion imaging data and statistical
analysis

Pre-processing and data analysis were performed using statis-
tical Parametric Mapping software (SPM5; Wellcome Department
of Cognitive Neurology, London, UK) implemented in MATLAB
(MathWorks, Natick, MA, USA). First, our original b0 image
template was created as follows. Using the affine and nonlinear
spatial normalization algorithm, the b0 images from the pre-
earthquake scans of all subjects in this study were spatially
normalized to the SPM5 T2 template, which is based on averages
taken from 152 brains from the Montreal Neurological Institute
database. Then, we calculated a mean image of the normalized b0
images as our original b0 image template. Using the affine and
nonlinear spatial normalization algorithm, the b0 image of each
participant was normalized to our original b0 image template.
Before normalization of the FA map, the post-earthquake FA
maps were co-registered with the pre-earthquake FA maps from
each subject. Then, using the parameter for this affine and
nonlinear normalization procedure, an FA map of each partici-
pant was spatially normalized to yield images with 2 X 2 X 2-mm
voxels and spatially smoothed using a Gaussian kernel of 10 mm
FWHM. The resulting maps representing the FA were then
subjected to the group regression analysis described below.

Statistical analyses

The group-level analysis tested for a relationship between
individual state anxiety as measured by the STAI and regional FA.
Voxel-by-voxel multiple regression analyses were performed using
the state anxiety for Pre FA and Post-Pre FA in VBM5 on SPM5.
The analysis was performed with sex and period betweén the pre-
and post-earthquake MRI data acquisition as additional covari-
ates. According to the relevant guidelines[25], this study, which
had a sample size of 30, should be limited to two variables.
Therefore, we made it a priority to control the effects of sex and
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period, and age was not included in the analysis as a covariate. All
tests of FA were performed using an absolute threshold of FA >0.2
[26], such that if a voxel anywhere in the brain had an FA value
>0.2 in all subjects, that voxel was included in the analysis. This
measure was used because FA is more susceptible to errors arising
from partial volumes [27], and this FA cut-off value allowed us to
dissociate white matter structure from other tissue [28].

Significant regions were inferred using cluster-level statistics
[29]. In this procedure, the null hypothesis was rejected when the
clusters had a large spatial extent. The distribution of cluster sizes
was found by parametric methods based on the theory of Gaussian
random fields, which accounts for image volume, smoothness, and
the cluster-defining threshold. At the cluster level, inference is
determined according to the cluster size; that is, the probability
that any cluster is larger than the critical cluster size is controlled.
Only clusters with a p-value <<0.05 after correction for multiple
comparisons related to cluster size and an uncorrected voxel-level
cluster-determining threshold of $<<0.0025 were considered
statistically significant in this analysis [30]. Next, to evaluate the
strength of the association between white matter structural
changes and state anxiety levels, we performed structural equation
modeling (SEM) using the state anxiety scores from the STAI, Pre
FA, and Post—Pre FA at peak voxels in each cluster as observed
variables. Finally, we performed post hoc correlation analyses
between the FA values in the regions of interest (ROIs) found in
the aforementioned whole-brain analyses for trait anxiety scores,
CAPS, and the two main factors of the SCI.

Results

The demographic characteristics of subjects are presented in
Table 1. The distribution of anxiety levels is illustrated in Table 2.
The state anxiety scores show significant positive correlations with
both trait anxiety (r = 0.66, p = 0.0001) and CAPS scores (r = 0.50,
$=0.005). We also found a significant negative correlation
between the state anxiety scores and the factor representing
emotional coping strategy on the SCI (r= —0.54, p=10.002).

After controlling for sex and the period between pre- and post-
earthquake MRI data acquisition, state anxiety scores were
negatively associated with Pre FA in the right Cg (Montreal
Neurological Institute [MNI] coordinates, x =20, y=36, z=0;
Fig. la, Table 3) and positively associated with Post—Pre FA in the
left anterior Cg (MINI coordinates, x = —22, y = 34, z = 18; Fig. 1b;
Table 3) and with a cluster including both of the left uncinate
fasciculus (Uf; MNI coordinates, x = —18, y =26, z= —8; Fig. 1b,
Table 3) and the anterior commissure (Ac; MNI coordinates,
x=-10, y=18, z=—8; Table 3). Furthermore, SEM data
showed that Pre FA in the right anterior Cg and Post-Pre FA in
the left anterior Cg and the left Uf accounted for 60% of the score
variance in state anxiety (R2 = 0.60; Fig. 2). Additionally, the post
hoc correlation analysis revealed that the Post—Pre FA in the left Uf
was negatively correlated with the factor of cognitive coping
strategy (r= —0.40, p=0.029) and emotional coping strategy on

Table 2. Distribution of anxiety levels.

Extremely Extremely
low Low Normal High high
PR T T
Trait 0 3 16 6 5

STAI, State-Trait Anxiety Inventory.
doi:10.1371/journal.pone.0083967.t002
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the SCI (r= —0.44, p=0.015). Also, the trait anxiety scores were
negatively correlated with the Pre FA in the right Cg (r= —0.47,
#=0.010) and positively correlated with the Post — Pre FA in the
left Cg (r=0.42, p=0.022) and the left Uf (r=0.36, p=0.049). No
significant correlations were observed between the FA values in
each ROI and CAPS scores.

Discussion

State anxiety scores were negatively associated with Pre FA in
the right anterior Cg and positively associated with Post-Pre FA in
the left anterior Cg, the left Uf, and the left Ac. According to our
hypothesis, lower WMI in the right anterior Cg and increased
WMI in the left anterior Cg, the left Uf, and the left Ac were white
matter structural changes that respectively represented vulnera-
bility factors and acquired signs of anxiety level after the
earthquake.

Several lines of evidence support the notion that lower WMI in
the right anterior Cg is a vulnerability factor for anxiety after
stressful events. The anterior Cg bundle is a part of the principal
white matter tract in the Papez circuit, which includes the ACC
and the amygdala [31]. Decreased anterior Cg WMI in patients
with PTSD has been frequently reported [8-10]. Also, smaller
dorsal and ventral ACC volumes are reported in patients with
PTSD [32], [33] and in normal subjects after stressful life events
[4]. Regarding vulnerability factors, a previous study from our lab
found that a smaller right ventral ACC volume was a pre-trauma
vulnerability factor for PTSD symptoms [12], which is congruent
with the present findings. On the other hand, investigations of
monozygotic twin pairs with PTSD have found that smaller
hippocampal volume was a vulnerability factor [34] and that a
smaller rostral ACC was an acquired sign of PTSD [35]. Although
there are apparent discrepancies between our findings and the
monozygotic twin studies, it is postulated that the discrepant
findings result from fundamental differences in study designs.
Monozygotic twin studies cannot distinguish acquired signs of

a) Rt Cg [20 36 0]

40 60 80

b)

Figure 1. Relationship between state anxiety and FA. State
anxiety scores were negatively associated with Pre FA in the right
anterior Cg (a, r=—0.61, p=0.0004) and Post-Pre FA in the left anterior
Cg (b, r=0.70, p=0.00002) and the left Uf (b, r=0.65, p=0.0001), as
illustrated by the scatter plots on the right. Vertical axes represent FA
values at peak voxels in each cluster and horizontal axes indicate total
state anxiety scores. The left Uf and the Ac were included in the same
cluster. FA, fractional anisotropy; Rt, right; Lt, left; Cg, cingulum; Uf,
uncinate fasciculus.

doi:10.1371/journal.pone.0083967.g001
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Rt Cg Pre
-0.40%*
State anxiety
L t-P >
tCgPost-Pre 7% (R? = 0.60)
0.65*

0.29t
Lt Uf Post - Pre tp<0.1
*p<0.01
** 5 < 0.001

Figure 2. SEM implemented on a path diagram. The strength of
the path coefficients between state anxiety scores and Pre FA in the
right anterior Cg (—0.40, p<0.001) and between state anxiety scores
and Post-Pre FA in the left anterior Cg (0.43, p<<0.01) and the left Uf
(0.29, p=0.06) are shown. The path coefficient strength between Post-
Pre FA in the left anterior Cg and the left Uf (0.65, p<<0.005) are shown
as well. The brain regions that predict state anxiety level evaluated by
STAI are shown on the left. FA, fractional anisotropy; Rt, right; Lt, left;
Cg, cingulum; Uf, uncinate fasciculus; STAI, State-Trait Anxiety
Inventory.

doi:10.1371/journal.pone.0083967.g002

PTSD from acquired signs from birth to trauma because of the
cross-sectional design of the study, which occurs after the
traumatic events [35]. Based on our findings, the lower WMI in
the right anterior Cg is a pre-trauma vulnerability factor for
anxiety levels after a stressful event. This may have been identified
as an acquired sign in the monozygotic twin study.

The functional roles of the anterior Cg and Uf indicate that
psychological responses of survivors occur soon after the earth-
quake. The Uf, also involved in the emotional processing [36], is a
principal white matter tract that connects the orbitofrontal cortex
(OFC) and limbic regions including the amygdala and the anterior
temporal cortices [37] [38]. In fact, neural responses in the OFC
are preferentially enhanced with those in the amygdala during
extinction [39] and this relationship is crucial to the voluntary
regulation of emotion [40]. Given our finding that scores for

Table 3. MNI coordinates, voxel sizes, z-scores, and P-values
for results of the SPM analyses.

::;;:n MNI coordinates y (yoxels) zscores PValues

Pre

R’th‘ i 20 3’6.},0:’;’ 13'10«’ S 4.§22 - ;0,01’16 :

Post-Pre '

LtCg  -22 34 18 128 434 00%
Lt Uf —-18 26 -8 ‘ ‘161' 4.12 0.013

Ak : ‘4 —‘10_’ 18 -8 i 383 s

MNI, Montreal Neurological Institute; Rt, right; Lt, left.

Cg, cingulum; Uf, uncinate fasciculus; Ac, anterior commissure.
*The Ac is included in the same cluster as the Lt Uf.
doi:10.1371/journal.pone.0083967.t003

January 2014 | Volume 9 | Issue 1 | e83967



cognitive coping strategy were negatively correlated with scores for
increased FA in Uf] those who were unlikely to have a cognitive
coping strategy in daily life may have increased their WMI in Uf
soon after the earthquake; this may have been induced by frequent
reliance on emotional regulation due to post-earthquake stress.
Based on previous cognitive training studies suggesting that the
integrity of the white matter related to trained cognitive functions
increases [41], [42], this would be expected to strengthen the
integrity of the white matter. Therefore, subjects with the
increased WMI in the left Uf and Cg would be required to
regulate their emotions more frequently, but failed to regulate.
Then they had higher state anxiety levels than subjects with
decreased WMI in the left Uf and Cg.

In contrast, there is an apparent discrepancy with previous DTI
studies demonstrating lower WMI in the anterior Cg and/or the
Uf in patients with anxiety disorders such as PTSD [8-10], social
anxiety disorder (SAD) [43], and generalized anxiety disorder
(GAD) [44] and in healthy subjects with high anxiety levels [45],
[46] [11]. It was suggested that lower WMI in the Cg and/or Uf
represents a dysfunction of emotion regulation in patients with
anxiety disorders [8-10), [43], [44]. We believe that this
discrepancy between increased and lower WMI could be
explained by a difference in early stage and long lasting anxiety
levels. High anxiety levels soon after a stressful life event would be
associated with frequent access to the anterior Cg and the Uf
cognitive functions, which are involved in emotional processing
and emotional regulation, respectively. Conversely, long lasting
high anxiety levels, which is also common in the aforementioned
anxiety disorders, induces cognitive dysfunction, which is associ-
ated with lower WMI in the anterior Cg and Uf. This
interpretation is consistent with that of diffusional anisotropy
elevation caused by temporary activation of the Cg in PTSD [7],
which is also supported by our findings that state anxiety scores,
which represent possibly temporary anxiety levels experienced
soon after the earthquake, were more strongly correlated with
increased WMI in these regions than were trait anxiety and CAPS
scores. Together, these findings indicate that increased WMI in
the anterior Cg and the Uf represents early-stage psychological
responses to a stressful life event, and decreased WMI represents
the late stage, which is reflected in the development of anxiety
disorders (e.g., PTSD, SAD, and GAD).

In addition, these findings indicate asymmetrical characteristics
of anterior Cg psychological responses to a stressful life event in
normal subjects. Previous neuroimaging studies investigating
patients with PTSD revealed right hemisphere predominance
[47], left hemisphere dysfunction [48], and asymmetrical WMI
reduction in the anterior Cg [9]. Asymmetrical functional
connectivity in the cognitive division of the ACC exists in healthy
subjects as well [49]. A possible interpretation of the current results
is that those with low right anterior Cg function are likely to
become anxious but are protected against the development of
PTSD by the maintenance of left anterior Cg function.

Some limitations should be considered when interpreting our
results. First, psychological data related to emotional distress, such
as anxiety levels before the earthquake, were not available. This
was a predetermined limitation of the study because pre-
earthquake dataset were not obtained to address the emotional
issues. Additionally, because the STAT is designed to assess general
anxiety in a non-specific manner, we could not determine whether
the anxiety levels were caused by the earthquake. However, all
subjects had no history of psychiatric diseases, suggesting their
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anxiety levels before the earthquake were within normal levels.
Also, the significant correlation between state anxiety levels and
CAPS scores indicates that the anxiety levels were raised by the
earthquake, because CAPS scores were definitely results of the
earthquake. Furthermore, the SEM analysis supports the model in
which the direction from brain structural changes to anxiety levels
was suggested. The results of these analyses complement the lack
of psychological data before the earthquake. Second, this study did
not include subjects with supra-threshold PTSD symptoms,
because most candidates in our pre-earthquake database were
assumed to have been affected by the earthquake to some extent
but not to have been exposed to life-threatening experiences.
Therefore, the scope of the current study was the neural correlates
of individual differences in state anxiety levels in the normal
population after experiencing the disaster, regardless of psycho-
logical trauma. We believe that investigation of subjects with
subclinical PTSD symptoms can provide sufficient evidence, an
assumption that has been made in previous studies [4], [5], [11],
[50], [51], [52], which would namely contribute to early detection
and prevention of PTSD. In any case, a further longitudinal study
of patients with supra-threshold PTSD symptoms caused by
traumatic events is necessary to examine whether the neural
microstructural connectivity changes observed in the current
investigation are applicable to such individuals. Third, the
majority of our subjects were males. To deal with this issue, sex
was treated as an additional covariate. However, the possibility
that the unbalanced sex distribution of subjects distorted the results
remains. Fourth, the participants in the present study were limited
to university students. Thus, the results may not generalize to older
populations.

Despite these limitations, this is the first longitudinal study
distinguished WMI changes that represent a vulnerability factor
from structural changes that represent an acquired sign of high
state anxiety. Additionally, the results demonstrating increased FA
in the left anterior Cg and the Uf provide new evidence of
temporal FA elevation in the early-stage response to stressful life
events before anxicty disorders (eg., PTSD, SAD, and GAD)
develop. Such disorders are characterized by decreased FA in
these areas. These findings may be helpful for discriminating
between survivors with and without emotional distress soon after a
stressful life event, and between survivors who will and will not, in
future, experience anxiety after a stressful life event, even in the
normal population. These findings provide a better understanding
of psychophysiological responses to a stressful life event at the
neural network level and may contribute to the development of
effective methods to prevent stress-related disorders, namely
PTSD, in the normal population.
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Brain structural changes as vulnerability factors and acquired

signs of post-earthquake stress

A Sekiguchi', M Sugiura'?, Y Taki®, Y Kotozaki“, R Nouchi*®, H Takeuchi®, T Araki*, S Hanawa', S Nakagawa',

CM Miyauchi’, A Sakuma'® and R Kawashima'>*

Many survivors of severe disasters, even those without posttraumatic stress disorder (PTSD), need psychological support. To
understand the pathogenesis of PTSD symptoms and prevent the development of PTSD, the critical issue is to distinguish
neurological abnormalities as vulnerability factors from acquired signs of PTSD symptoms in the early stage of adaptation to
the trauma in the normal population. The neurological underpinnings of PTSD have been well characterized, but the causal
relationships with the traumatic event are still unclear. We examined 42 non-PTSD subjects to find brain morphometric changes
related to the severity of PTSD symptoms in a longitudinal magnetic resonance imaging study extending through the Great
East Japan Earthquake. We found that regional grey matter volume (rGMV) in the right ventral anterior cingulate cortex
(ACQ) before the earthquake, and decreased rGMV in the left orbitofrontal cortex (OFC) through the earthquake were
negatively associated with PTSD symptoms. Our results indicate that subjects with smaller GMV in the ACC before the
earthquake, and subjects with decreased GMV in the OFC through the earthquake were likely to have PTSD symptoms.

As the ACC is involved in processing of fear and anxiety, our results indicate that these processing are related to vulnerability
for PTSD symptoms. In addition, decreased OFC volume was induced by failing to extinct conditioned fear soon after the
traumatic event. These findings provide a better understanding of posttraumatic responses in early stage of adaptation to
the trauma and may contribute to the development of effective methods to prevent PTSD.
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INTRODUCTION

The Great East Japan Earthquake, a severe magnitude 9.0
earthquake, hit Japan on 11 March 2011. The eastern half of
Japan was severely affected, and the northeast coast suffered
widespread destruction caused by a massive tsunami triggered by
this earthquake. More than 15000 people have been confirmed
dead, and ~4000 remain missing 6 months after the earthquake.
Stress-related disorders such as acute stress disorder and
posttraumatic stress disorder (PTSD) are likely to occur among
the large number of survivors,’™® but even those without PTSD will
require psychological support* However, survivors without
PTSD are likely to hesitate to ask for psychological supports
and may not receive help, in contrast to those with PTSD.
Distinguishing neurological abnormalities as a vulnerability factor
from the acquired signs of PTSD symptoms in the early stage of
adaptation to the trauma is essential both to understand the
pathogenesis of PTSD and to prevent survivors from developing
PTSD. Such information may provide a better understanding of
posttraumatic responses and the development of effective
methods to prevent PTSD.

The neurological underpinnings of PTSD have been well
characterized, but the causal relationships to the traumatic event
remain unclear, because of difficulties with prospective studies.”
Previous neuroimaging studies of patients with PTSD revealed

morphological changes in several brain regions, including the
hippocampus/parahippocampus,® amygdala,® anterior cingulate
cortex (ACC),”® insula'® and orbitofrontal cortex (OFC),""™"* which
were also found in healthy adults after stressful life events**'®
Evaluation of monozygotic twin pairs with combat-related
PTSD has provided evidence that smaller hippocampal volume
is a vulnerability factor for PTSD,'® and smaller pregenual ACC
represents an acquired sign of PTSD.2 However, longitudinal
structural changes as a vulnerability factor and an acquired sign of
PTSD symptoms remain unclear. Some longitudinal studies have
examined patients with PTSD after traumatic events, but failed to
find subsequent brain structural changes.'”'”'® A recent long-
itudinal study revealed that decreased volumes in the ACC and
hippocampus/parahippocampus were associated with the num-
ber of stressful life events, but the impacts of stress-related
responses on brain structure were not examined.' Therefore,
the significance of longitudinal structural changes caused by
posttraumatic response remained unclear.

This study tried to identify brain structural changes representing
vulnerability factors and acquired signs of PTSD symptoms in non-
PTSD survivors, based on a longitudinal study of structural
magnetic resonance (MR) images obtained before and after the
earthquake. In fact, we had obtained extensive structural MR
imaging database from a group of healthy adolescents before the
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earthquake in multiple studies performed in our laboratory.
Therefore, this extremely miserable episode provided a rare
opportunity for investigating brain structural changes associated
with such a disaster. We recruited 42 subjects from this
group to examine structural MR images at 3—4 months after the
earthquake. PTSD symptoms were also assessed using the
Japanese version of the clinician-administered PTSD scale (CAPS)
structural interview.'® We hypothesized that the vulnerability
factors for PTSD could be detected by a significant association
between the CAPS scores and smaller regional grey matter
volume (rGMV) before the earthquake (Pre rtGMV) in brain regions
previously implicated in PTSD, and that the acquired signs
could be detected by a significant association between the CAPS
scores and decrease in rGMV from before to after the earthquake
(Post-Pre rGMV). More specifically, based on previous monozygotic
twin studies®'® we could predict that smaller rtGMV in the
hippocampus would be identified as a pre-trauma vulnerability
factor, and smaller rGMV in the ACC as an acquired sign of PTSD
symptoms.

MATERIALS AND METHODS
Recruitment and selection of participants

Eligible participants were recruited from undergraduate and postgraduate
students of the Tohoku University community, who met the eligibility
criteria of having no history of neuropsychiatric disorders and right-
handed dominance. All candidates had participated in past MR imaging
experiments conducted in our laboratory, and had undergone structural
MR imaging within 2 years before the earthquake, and had agreed to re-
analyses of MR images obtained before the earthquake in advance. As all
candidates lived around Sendai city, which was strongly affected by the
earthquake, we did not plan to recruit control subjects unaffected by the
earthquake. Neuropsychiatric disorders were screened using the mini
international neuropsychiatric interview (M.LN.1).**?' Handedness was
assessed by the Edinburgh Handedness Inventory.?> We were able to
contact 42 of the numerous candidates in our database of past
experiments. All candidates satisfied the eligibility criteria and provided
written informed consents before participating in the current study to
examine the possible effects of psychological trauma on brain structure, in
accordance with the Declaration of Helsinki Principles.® The M.N..
confirmed that no subject had any history of psychiatric iliness including
PTSD, and no subjects were exposed to life-threatening experiences due to
the earthquake and tsunami. This study and all previous studies were
approved by the Ethics Committee of Tohoku University.

Psychological evaluations

All participants were interviewed by trained psychologists (A Omoto, N
Aikawa, N Saito, Y Watanabe and YK) using the CAPS structured
interview.'®** In accordance with the MIN.L, no subject was diagnosed as
having PTSD. Of the 42 participants, 8 subjects filled more than one, but not
all, criteria of three clusters of PTSD symptoms, including re-experiencing of
the event, avoidance and hyperarousal. In addition, the highest total CAPS
score was 39, which is categorized as subthreshold PTSD.?® Therefore, we
could regard all subjects as non-PTSD. The levels of anxiety and depression
were evaluated using the state-trait anxiety inventory?®*?’ and the Center for
Epidemiologic Studies Depression Scale?®?® The diagnostic structured
interview and MR imaging were conducted at 3-4 months after the
earthquake. All psychological measurements were evaluated only after the
earthquake.

Image acquisition

All MR imaging data acquisition was conducted with a 3-T Philips Intera
Achieva scanner (Best, Netherlands). By using a MPRAGE sequence, high-
resolution T1-weighted structural images (240 x 240 matrix, repetition
time = 6.5 ms, echo time =3 ms, field of view =24 cm, 162 slices, 1.0-mm
slice thickness) were collected.

Molecular Psychiatry (2012), 1-6
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Voxel-based morphometry analysis

To investigate the structural changes as vulnerability factors and acquired
signs of PTSD symptoms in non-PTSD patients, voxel-based morphometry
(VBM) was conducted. First, post-earthquake images were coregistered
with pre-earthquake images in each subject on SPM2. Preprocessing of the
morphological data was performed with VBM2 software,*® an extension of
SPM2. Default parameter settings were used in order to reduce the
scanner-specific bias, a customized grey matter anatomical template was
created from the pre-earthquake data of all participants in this study. Next,
the T1-weighted structural images of each subject were segmented into
grey and white matter partitions using the new grey and white matter
prior probability maps. The resulting images included the extracted grey
and white matter partitions in the native space. The grey matter partition
was then normalized to the new grey matter probability map. The
normalization parameters determined from this initial step were then
applied to the native T1-weighted structural image. These normalized T1-
weighted structural data were then segmented into grey and white matter
partitions. The volumes of global grey matter, white matter and
cerebrospinal fluid space were calculated using segmented and modulated
images by adding a value derived from the voxel volume and multiplied by
the value of each voxel. To facilitate optimal segmentation, normalization
parameters were estimated with the previously reported protocol>' In
addition, a correction was performed for volume changes (modulation) by
modulating each voxel with the Jacobian determinants derived from the
spatial normalization, to test for regional differences in the absolute
amount of grey matter.3 All images were subsequently smoothed by
convolving with an isotropic Gaussian kernel of 8-mm full-width at half-
maximum. Finally, the signal change in rGMV between pre- and post-
earthquake images was calculated at each voxel for each participant. Only
voxels that showed GMV values >0.10 in both pre- and post-earthquake
images were included to avoid possible partial volume effects around the
borders between grey matter and white matter, as well as between grey
matter and cerebrospinal fluid. The resulting maps representing the rGMV
before the earthquake (Pre rGMV) and the rGMV change between before
and after the earthquake (Post-Pre rGMV) were then forwarded to the
group-level analysis described below.

Statistical analysis

The group-level analysis tested for the relationship between individual
severity of PTSD symptoms measured by the CAPS and rGMV. Voxel-by-
voxel multiple regression analyses were performed using the CAPS scores
for Pre rtGMV and Post-Pre rtGMV on SPM5. The analysis was performed with
age, total brain volume, and periods between pre- and post-earthquake MR
imaging data acquisition as additional covariates. Total brain volume was
summation of segmented global grey matter and white matter volume in
each subject. A significant level was set at P=0.05 corrected for multiple
comparisons. Small volume correction®® was performed to examine each
region of interest with a hypothesis (amygdala, hippocampus, insula, ACC
and OFC)®™"3 using a lenient threshold of P=0.001, uncorrected as a cluster
determined threshold, and a 1« =100 to suppress the possibility of small
clusters arising by chance, as used in previous neuroimaging studies.” Small
volume correction was applied to each region of interest using anatomical
masks (amygdala, hippocampus, insula, ACC and OFC in each hemisphere)
from the WFU_PickAtlas (httpy/fmriwfubmc.edu/software/PickAtlas)>*>*
and the Anatomical Automatic Labelling Region of Interest package,®® as
used in previous VBM studies of PTSD,#373% as well as functional MR
imaging studies.3**° Finally, to verify the effect of the structural changes on
the CAPS scores, regression analysis was performed using Pre rGMV and
Post-Pre rGMV at peak voxels in each cluster as explanatory variables, and
total scores of CAPS as independent variables.

RESULTS

Demographic characteristics of the subjects are shown in Table 1.
The distribution of the CAPS scores is illustrated in Figure 1.
After controlling for age, total brain volume, and periods between
pre- and post-earthquake MR imaging data acquisition, the total

© 2012 Macmillan Publishers Limited



Table 1. Demographic characteristics of non-PTSD survivors
Number of subjects (male/female) 42 (33/9)
Age (years) 21.7+1.7
Number of previous lifetime traumas 1.98+0.98
Periods (days)

From pre- to post-earthquake MR scans 244411378

From pre-earthquake MR scans to the earthquake 1426+ 1354

From the earthquake to post-earthquake MR scans 101.8+8.2
CAPS

Total 57+10.0

Re-experience 16£25

Avoidance 20144

Hyperarousal 2145
CESD score 11.6+10.2
STAI scores

State 416114

Trait 43.0+10.0

Abbreviations: CAPS, clinician-administered PTSD scale; CESD, Center for

Epidemiologic Studies Depression; MR, magnetic resonance; PTSD,

posttraumatic stress disorder; STAI, state-trait anxiety inventory.

Values are shown as mean % s.d.

scores of CAPS were significantly associated with smaller Pre rGMV
in the right ventral ACC (x=6, y =32, z=0; Figure 23, Table 2), and
decreased Post-Pre rtGMV in the left OFC (x=—20, y=52, z= —6;
Figure 2b, Table 2), based on region of interest analysis. Post hoc
regression analysis revealed that Pre rGMV in the right ventral ACC
and Post-Pre yGMV in the left OFC accounted for 48% score
variance in the CAPS (F(2, 39) = 18.28, R = 0.48, P < 0.001; Figure 3).

DISCUSSION

The aim of this study was to investigate the brain structural
changes as vulnerability factors and acquired signs of PTSD
symptoms in non-PTSD survivors. We found the total scores of
CAPS were negatively associated with Pre rGMV in the right
ventral ACC, and negatively associated with Post-Pre rGMV in the
left OFC.

According to our hypothesis, smaller Pre rGMV in the right
ventral ACC and decreased Post-Pre rGMV in the left OFC are
structural changes representing vulnerability factor and acquired
sign of PTSD symptoms, respectively. Additionally, these structural
changes could explain approximately half of the observed PTSD
symptoms.

Our longitudinal study provides further evidence of the causal
relationships between brain structural changes and posttraumatic
responses. Previous longitudinal studies have investigated brain
structural changes only after the traumatic events,''”'® but failed
to find any brain volume reduction in patients with PTSD. Another
longitudinal study revealed that the number of stressful life events
is associated with decreased volumes in the ACC and hippocam-
pus/parahippocampus in healthy subjects, but the causal relation-
ship between psychological responses to the stressful events and
brain structural changes was not examined.'® On the other hand,
in contrast to our findings, investigations of monozygotic twin
pairs with PTSD revealed smaller hippocampal volume as a
vulnerability factor,'® and smaller pregenual ACC as an acquired
sign of PTSD.2 We suppose that these discrepant findings result
from fundamental differences in study designs. Monozygotic twin
studies cannot distinguish acquired signs of PTSD from acquired
signs from birth to trauma, because of the cross-sectional design
only after the traumatic events® On the basis of our present
findings, smaller ACC volume is not an acquired sign, but an
acquired vulnerability of PTSD before exposure to traumatic
events, which could have been identified as an acquired sign of
PTSD in the monozygotic twin study.®

© 2012 Macmillan Publishers Limited
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Figure 1. Distribution of total clinician-administered PTSD scale
(CAPS) scores. Highest total CAPS score was 39, which is categorized
as subthreshold posttraumatic stress disorder (PTSD), according to
the following diagnostic categorization of PTSD by CAPS scores;
0-19 (asymptomatic/few symptoms), 20-39 (mild PTSD/subthres-
hold), 40-59 (moderate PTSD/threshold), 60-79 (severe PTSD
symptomatology) and >80 (extreme PTSD symptomatology).?® All
subjects were confirmed as non-PTSD survivors.

Several lines of evidence support the notion that smaller ventral
ACC volume is a vulnerability factor for PTSD symptoms. An
essential role of the ventral ACC is the processing of anxiety and
fears,”’ which is supposed to be highly related to the manifesta-
tion of the clinical symptoms of PTSD.*? In fact, smaller ACC
volume is one of the more robust VBM findings in patients with
PTSD,”® also in normal subjects after stressful life events.'*'>
Whether such a smaller volume in the ventral ACC represents an
acquired abnormality or a pretrauma vulnerability factor for PTSD
is still under discussion.®2 Our present findings provide evidence
that smaller ventral ACC volume is a pretrauma vulnerability factor
for PTSD.

rGMV in the ACC is associated with 3personality traits related to
PTSD symptoms. Harm avoidance,*® which is predictive of
increased PTSD symptom severity,** is positively associated with
anatomical variability of the ACC* Individuals with alexithymia,
which is positively associated with PTSD symptoms,*® had smaller
ACC volume.*” Combined with our findings, these observations
support the possibility that these psychological characteristics are
also vulnerability factors for PTSD.

The cognitive functions of the OFC indicate posttraumatic
responses of the survivors soon after the earthquake. A principal
function of the OFC is associated with extinction of conditioned fear.
Previous lesion studies revealed that OFC lesion caused resistance to
the extinction of conditioned fear in both non-human primates*®
and human patients with OFC lesions.*® Neural responses in the OFC
were preferentially enhanced with those in the amygdala during
extinction,® and this relationship is crucial in the voluntary
regulation of emotions.>'? In particular, the left lateral part of the
OFC is involved in emotional distraction. The left OFC is also
involved in suppression of emotional distracters during working
memory performance.> In fact, patients with PTSD had less activity
in the OFC than normal control subjects during extinction to
conditioned fear’* and emotion regulation.>® Given the previous
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Relationship between total clinician-administered PTSD scale (CAPS) scores and regional grey matter volume (rGMV). Total CAPS

scores were negatively associated with Pre rtGMV in the right anterior cingulate cortex (ACC; a, Spearman’s p = —0.42, P = 0.005) and Post-Pre
rGMYV in the left orbitofrontal cortex (OFC; b, Spearman’s p = —0.43, P = 0.004), illustrated by the scatter plots on the right side. Vertical axes
represent rGMV at peak voxels in each cluster, and horizontal axes indicate total CAPS scores. The predictor brain regions are shown on the

left. Rt, right; Lt, left.

Table 2. MNI coordinates, voxel sizes, z-scores and P-values for results
of the SPM analyses

MNI coordinates K P-values
Brain region —eee o (voxels)  z-scores (SvQ)
X y z
Pre
Rt ACC 6 34 0 145 3.76 0.020
Post-Pre
Lt OFC —20 52 -6 124 4.03 0.034

Abbreviations: ACC, anterior cingulate cortex; Lt, left; MNI, Montreal
Neurological Institute; OFC, orbitofrontal cortex; Rt, right; SVC, small
volume correction.

findings, our results indicate that decreased OFC volume might
reflect difficulty in distracting emotional memories of experiences
related to the earthquake. Therefore, survivors with high CAPS
scores are likely to have more difficulty in distracting emotional
memories compared with those with low CAPS scores.

Some limitations should be considered when interpreting the
present results. First, our study included no subjects with supra-
threshold PTSD symptoms and no control group without experi-
ence of the earthquake. These were predetermined limitations of
this study, because most of the candidates in our pre-earthquake
database were supposed to have been affected by the earthquake
to some extent, but not exposed to life-threatening experiences.
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We believe that the investigation of subjects with subclinical PTSD
symptoms can provide sufficient evidence, like previous stu-
dies."*1>¢>® However, a further longitudinal study of patients
with supra-threshold PTSD symptoms caused by traumatic events is
necessary to examine whether the brain structural changes in our
current investigation is applicable to such individuals.

Second, the CAPS scores were not normally distributed across
subjects (Figure 1). As this distribution may be consistent with the
expected distribution in the normal population, investigating such
a population was inevitable. Even if multiple regression analysis on
SPM allows independent values of non-normal distribution, the
distorted distribution of the CAPS score may reduce the statistical
power. Actually, of the 42 participants, 37 scored 0 to 19 and 5
scored 20 to 39 in the CAPS, which are categorized as
asymptomatic and subthreshold PTSD, respectively.® By applying
these two categories to group comparison analysis (that is, two
sample f-test) as non-PTSD and subclinical PTSD groups,
respectively, we found that similar brain regions including the
Pre rGMV in the right ventral ACC and the Post-Pre rtGMV in the
left OFC were negatively associated with the CAPS scores (P <0.05,
small volume correction in each region of interest). However,
another problem is that the sample size for subjects with
subthreshold PTSD was too small to perform group comparison.
We could not exclude the possibility that regions other than the
ACC and OFC may show significant association with the CAPS
scores, if the sample size was improved.

Third, although all subjects were diagnosed as normal, it was
suspected that the anxiety level of subjects was relatively high. We

© 2012 Macmillan Publishers Limited
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(R?=0.48%¥)
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Figure 3. Post hoc regression analysis implemented on a path dia-
gram. The relationships between total clinician-administered PTSD
scale (CAPS) scores and Pre regional grey matter volume (rGMV) in
the right ventral anterior cingulate cortex (ACC; f=-—0.39,
P <0.005), and between total CAPS scores and Post-Pre rGMV in the
left orbitofrontal cortex (OFC; = —0.54, P<0.001) are shown. The
predictor brain regions are shown on the left, which predicts
posttraumatic stress disorder (PTSD) symptoms evaluated by CAPS.
Rt, right; Lt, left.

supposed that such high anxiety level might be caused by the
aftermath of the earthquake, such as frequent afterquakes and
dispersed radioactive material leaking from the nuclear plants.®
The high anxiety levels may have some effects on the MR imaging
findings. However, even if we adjusted both state and trait anxiety
scores as additional covariates, we showed that similar brain
regions, including the Pre rGMV in the right ventral ACC and the
Post-Pre rGMV in the left OFC, were negatively associated with
total CAPS scores (P<0.001, uncorrected). Therefore, our MR
imaging findings were robust despite the high anxiety level.

Fourth, numerous studies revealed smaller rGMV associated
with PTSD in the amygdala and hippocampus,® and also smaller
hippocampal volume represented vulnerability factor for PTSD,"®
but we failed to detect these brain regions either as a vulnerability
factor or an acquired sign of PTSD. VBM may not detect such small
and localized GMV reduction, because false-positive or false-
negative VBM findings may arise from the change of spatial
normalization.”®" Actually, when applying more lenient thresholds
(P<0.01, uncorrected) to this study, we could find negative
associations between the CAPS scores and both Pre rGMV and
Post-Pre rtGMV in the hippocampus.

Despite these limitations, the present longitudinal study could
distinguish structural changes representing a vulnerability factor
from structural changes representing an acquired sign of PTSD
symptoms in the early stage of adaptation to trauma. These
findings may be essential to discriminate between survivors with
and without PTSD symptoms soon after a traumatic event, and
between survivors who will and will not develop PTSD, even in the
normal population. These findings provide a better understanding
of the posttraumatic responses in the early stage of adaptation to
trauma, and may contribute to the development of effective
methods to prevent PTSD in the normal population.
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