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Abstract

Not only has accidental injury been shown to account for a significant health burden on all populations, regardless
of age, sex and geographic region, but patients with accidental injury frequently present with the psychiatric
condition of posttraumatic stress disorder (PTSD). Prevention of accident-related PTSD thus represents a potentially
important goal. Physicians in the field of psychosomatic medicine and critical care medicine have the opportunity
to see injured patients in the immediate aftermath of an accident. This article first briefly reviews the prevalence
and associated factors of accident-related PTSD, then focuses on a conceptual model of fear memory and
proposes a new, rationally hypothesized translational preventive intervention for PTSD through promoting
hippocampal neurogenesis by omega-3 fatty acid supplementation. The results of an open-label pilot trial of
injured patients admitted to the intensive care unit suggest that omega-3 fatty acid supplementation immediately
after accidental injury can reduce subsequent PTSD symptoms.

Introduction
Posttraumatic stress disorder (PTSD) is a serious pub-
lic health problem. Approximately 6.8% of persons in
the United States develop PTSD at some time in their
lives [1]. PTSD most often develops from traumatic
events such as rape, assault and combat, and results
far less frequently from experiencing natural disasters
and accidents [2]. However, accidental injury is a fre-
quent event and represents a considerable public
health burden worldwide. According to the Global
Burden of Disease Study, the top three contributors to
worldwide burden of disease in the year 2020 are
expected to be ischemic heart disease, major depres-
sion and motor vehicle accidents (MVAs) [3]. From
the Japanese perspective, in 2008 approximately one
million individuals were severely injured in MVAs, and
recent advances in critical care medicine have
increased the number of seriously injured patients who

are able to survive their injuries [4]. Over the past dec-
ade, increasing attention has been devoted to psychia-
tric morbidity after accidental injury [5-12] as well as
other critical illness requiring treatment in the inten-
sive care unit (ICU) [13]. Indeed, important roles for
mental health professionals in general hospitals are the
early identification of injured patients who are at risk
for developing PTSD and the prevention of the disorder.
It is difficult to eliminate traumatic antecedents alto-

gether, but preventive intervention for PTSD does seem
possible. Secondary prevention involves intervening in
the aftermath of a traumatic event to forestall the devel-
opment of PTSD [14]. At the present time, the most
well-known and evidence-based secondary preventive
intervention for PTSD is cognitive behavioral therapy
(CBT). A study by Roberts and colleagues [15] found
that trauma-focused CBT within 3 months of a trau-
matic event appeared to be effective for individuals with
traumatic stress symptoms, especially those who met the
threshold for a clinical diagnosis. Furthermore, a bro-
chure on bereavement designed as a proactive end-of-
life communication strategy was reported to decrease
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PTSD-related symptoms and symptoms of anxiety and
depression among relatives of patients dying in the ICU
[16]. Preliminary studies suggest that propranolol
[17,18] or cortisol [19,20] can reduce subsequent PTSD,
but controlled trials of pharmacologic prevention of
PTSD are scarce to date. Although trauma-focused CBT
has been demonstrated to be effective, there are few
practitioners of psychosomatic medicine working in cri-
tical care medicine, and more convenient and evidence-
based preventive intervention is desired.
This article provides an overview of the literature on

psychiatric morbidity in injured adults admitted to the
ICU, with special emphasis placed on PTSD in order to
understand the current situation in the field. Following
a discussion of the neurobiological mechanism of fear
memory, a novel, translational early intervention for
preventing PTSD is proposed in which fear memory is
minimized through the activation of hippocampal neu-
rogenesis [21].

Prevalence of PTSD after accidental injury
Recent studies with strict methodology have shown that
accident-related PTSD is fairly common (Figure 1). The
prevalence of PTSD determined by structured clinical
interviews with injured patients consecutively admitted
to the ICU or emergency department ranges from 5-
30% at 0-3 months after accidental injury [7,9,10,
12,22-24] to 2-23% at 4-12 months after [7,9-11,22-25].
Recent large epidemiological studies have reported a
17-23% point prevalence of questionnaire-estimated
clinically significant PTSD symptoms at 4-12 months
after accidental injury [5,6]. Comorbidity between PTSD
and major depression is also highly prevalent in these
injured patients [7,12,26].
It has been pointed out that traumatic brain injury,

subsequent traumatization, use of narcotic analgesia,

timing of assessment, sample selection, and the role of
litigation all have the potential to confound the results
for the prevalence of accident-related PTSD [27]. In
addition, Schnyder and colleagues found that intercul-
tural differences play an important role in the develop-
ment of PTSD [11]. Recently, the author and colleagues
examined the relation between infant mortality rate
and prevalence of PTSD in the reliable cross-country
data available [25]. Infant mortality rate is well known
to be associated with levels of basic health care, well-
developed technology, and medical advances and is also
commonly included as part of standard of living evalua-
tions in economics. We showed that infant mortality
rate was associated with the prevalence of PTSD and as
such, our study findings could provide a plausible expla-
nation for the observed discrepancies seen in the preva-
lence of PTSD following injury [25].

Risk factors for accident-related PTSD
Numerous studies have assessed the predictors of acci-
dent-related PTSD. Potential risk factors identified in
the early aftermath of the accident include increased
acute stress symptoms [28,29], female sex [28,29],
pre-injury depression [6], ICU admission following the
trauma [6], benzodiazepine prescription [6], intentional
injury [6], penetrating trauma [28], perceived threat to
life [12,26,28], increased heart rate at the time of
admission [7,12,30,31], elevated respiration rate on the
initial day of injury [30] and intrusive symptoms
[10,12]. On the contrary, the risk of subsequent PTSD
might be reduced by the use of morphine during
trauma care, as demonstrated among US military per-
sonnel who experienced combat [32] and individuals
injured in accidents [33].

Consolidation of fear memory
The preclinical approaches to PTSD are examining the
mechanisms of memory consolidation and how this con-
solidation process could be interrupted to prevent the
development of trauma-related disorders. An excellent
review by Ressler and Mayberg [34] notes that preclinical
studies have demonstrated that memories do not imme-
diately become permanent at the time of initial experi-
ence. They exist in a labile state for at least a period of
hours and possibly days, during which time they become
consolidated into more permanent memory. During this
consolidation, molecular, synaptic, neurotransmitter and
system-level changes occur consecutively [35]. The
neural circuitry implicated in fear memory likely involves
complex interactions between the hippocampus (which is
involved in short-term memory and probably fear of the
context of an event), the amygdala (which is involved in
conditioned fear response) and the medial prefrontal cor-
tex (which is believed to extinguish the more primitive
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Figure 1 Prevalence of posttraumatic stress disorder after
accidental injury. Acute and follow-up indicate 0-3 months and 4-
12 months after accidental injury, respectively. UK, United Kingdom;
ISR, Israel; USA, United States of America; CH, Switzerland; AUS,
Australia; JPN, Japan.
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subcortical response) [36]. The neurocircuitry model of
PTSD also implicates the involvement of the amygdala,
medial prefrontal cortex and hippocampus [37]. As the
hippocampus can process and temporarily store new
memory before transferring labile memory to the cortex
for permanent storage [38], it has been suggested that
during the immediate period after fear training in an ani-
mal model and after a traumatic event in human patients,
it may be possible to modulate the consolidation of new
fear memories in the process of being formed [14].

Role of hippocampal neurogenesis in memory
consolidation
In rodents, primates and humans, the dentate gyrus in
the hippocampus is one of the two brain regions with
lifelong neurogenesis. Despite the wealth of accumulat-
ing data on the characteristics of neurons in newborns,
the specific contribution of their generation to memory
formation by the hippocampus remains unclear [39].

Recently, Kitamura and colleagues showed that severe
impairment of hippocampal neurogenesis attenuated the
loss of hippocampus-dependent remote contextual fear
memory in mice, while conversely, exercise on a run-
ning wheel, which promotes neurogenesis, increased the
rate of loss of hippocampus-dependent contextual fear
memory [21]. The hippocampus-dependent periods for
fear memory are modulated by various conditions. Inde-
pendent lines of evidence strongly suggest that the level
of hippocampal neurogenesis plays a role in determining
the hippocampus-dependent period of memory in adult
rodents. In short, the level of hippocampal neurogenesis
was able to be modulated and was associated with a
causal relationship between adult neurogenesis and the
hippocampus-dependent period of fear memory. There-
fore, it is theoretically possible that promoting adult
neurogenesis early in the transition period might facili-
tate the clearance of fear memory from the hippocam-
pus (Figure 2).
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Figure 2 Schematic illustration of the development of posttraumatic stress disorder (PTSD) focusing on modulating the consolidation
of fear memory through neurogenesis by omega-3 fatty acid supplementation. The strength and regulation of fear memory is affected by
many factors both before and after the fearful and traumatic event occurs. Genetic and environmental factors as well as brain function and
structure are associated with the risk of such an experience. Acquired memories undergo a period of consolidation, in which they shift from a
labile state to a more permanent state. Memories are initially dependent on the hippocampus, but hippocampal dependency progressively
decays over time, a process that is associated with a gradual increase in dependency on an extra-hippocampal region such as neocortex (solid
arrows and box). We propose that promoting adult neurogenesis by omega-3 fatty acid supplementation early in the transition period might
facilitate clearance of fear memory from the hippocampus and consequently minimize PTSD symptoms (dotted arrows and box).
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Modulating consolidation of traumatic memories
According to Pitman’s theory of the pathogenesis of PTSD
[40], in trauma victims who develop the disorder, the trau-
matic event stimulates an excess release of stress hor-
mones, which in turn over-consolidates fear memories of
the event, which subsequently manifest themselves in the
intrusive recollections and re-experiencing symptoms
characteristic of PTSD. Fear consolidation can be blocked
after training by an antagonist of noradrenergic activation.
Such an antagonist is propranolol, a common beta-blocker
used for hypertension, and following on from animal
research, its effectiveness for the secondary prevention of
PTSD has been studied in clinical trials [17,18]. However,
as traumatized people are not psychiatric patients, daily
life-based intervention for prevention of PTSD is prefer-
able. From my own clinical experience, prophylactic phar-
macotherapy targeting subsequent psychiatric illness for
injured patients would not be allowed easily.
As much as diet has an impact on cardiovascular health,

cancer risk and longevity, it also has an impact on mental
health [41]. Adult hippocampal neurogenesis has been
directly linked to cognition and mood [42]; therefore,
modulating adult hippocampal neurogenesis by diet could
emerge as a possible mechanism by which nutrition
impacts on mental health. Taken together with Pitman’s
theory and the conceptual model of fear memory pre-
sented herein, it is possible that PTSD can be prevented
by facilitating hippocampal neurogenesis in the aftermath
of a traumatic event to modulate memory consolidation.

Omega-3 fatty acids and hippocampal
neurogenesis
A growing number of epidemiological studies have sug-
gested an association between mental health and
reduced dietary intake of omega-3 fatty acids, essential
fatty acids that humans cannot synthesize de novo.
Recent clinical trials are supportive of omega-3 fatty
acid supplementation in reducing depressive symptoms,
although it reduces anxiety symptoms only slightly
[43,44]. Based on the animal research to date, omega-3
fatty acids are the most promising candidate for dietary
intervention in the aftermath of a traumatic event to
facilitate adult hippocampal neurogenesis. Animal stu-
dies have revealed that short-term augmentation of diet-
ary omega-3 fatty acids relative to omega-6 fatty acids
up-regulated adult neurogenesis [45], and that dietary
omega-3 fatty acids elevated levels of brain-derived neu-
rotrophic factor (BDNF) which promotes neuronal sur-
vival and growth [46,47]. Further, docosahexaenoic acid
(DHA, 22:6n-3), a 22-carboned omega-3 fatty acid, pro-
moted the development of hippocampal neurons in vitro
by increasing neurite extension and branching [48] as
well as the maturation of neurons and hippocampal
neurogenesis in adult rats [49]. Venna and colleagues

have shown that the increase in newborn hippocampal
cells by polyunsaturated fatty acids occurred in parallel
with an increase in hippocampal volume and over-
expression of BDNF mRNA and protein in the hippo-
campus [50]. BDNF influences the survival of existing
neurons and the growth and differentiation of new neu-
rons, and is also implied in the regulation of various
neurotransmitter systems [51,52]. Moreover, BDNF
infused directly into the dorsal hippocampus of rats sig-
nificantly increased the granule cell layer, indicating
neurogenesis [53]. Wu and Gomez-Pinilla have indicated
that DHA dietary supplementation enhanced the effects
of exercise on cognition and BDNF-related synaptic
plasticity [47]. Evidence has accumulated that omega-3
fatty acids have an influence on hippocampal neurogen-
esis by increasing BDNF. In addition, Watanabe and
colleagues have revealed that brain fatty acid binding-
protein 7 (Fabp7) which preferentially binds DHA, plays
a significant role in neurogenesis, most likely thorough
maintenance of neural stem/progenitor cells [54].
The possible effects of omega-3 fatty acids on brain

structures are also highlighted by clinical observation. A
significant correlation was found between omega-3 fatty
acid consumption and gray matter volume of the amyg-
dala, hippocampus and anterior cingulate gyrus in
healthy adults [55]. Conversely, a selective deficit of
DHA was reported in the postmortem frontal cortex of
patients with depressive disorder [56]. Hippocampal
volume appears to be diminished in PTSD in some
[57-70] but not all studies [71-77]. The author and col-
leagues have reported smaller volumes of the amygdala
and hippocampus in a cohort of breast cancer survivors
experiencing intrusive recollections of traumatic mem-
ory, compared to survivors without intrusive recollec-
tions [78,79]. Furthermore, a significant negative
correlation has been shown between script-driven
enhanced emotional memory about MVA and urgent
surgery and hippocampal volume in healthy women
[80]. Two studies have suggested that hippocampal
volume might increase following treatment with antide-
pressants [81,82]. While the origin of small hippocampal
volume is unknown, the result of one twin study sug-
gested that small hippocampal volume might be a famil-
ial risk factor for developing PTSD [60]. As well, the
nutritional environment, including omega-3 fatty acids,
may contribute to hippocampal volume.

Clinical trial for PTSD prevention by omega-3
fatty acids
Support for the ability of omega-3 fatty acids to mini-
mize subsequent PTSD symptoms comes from one pub-
lished but preliminary open trial [83]. The author and
colleagues [83] recruited 15 consecutive patients
admitted to the ICU at a Japanese general hospital
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immediately following accidental injury (mostly MVA).
Patients received omega-3 fatty acid capsules containing
1,470 mg DHA and 147 mg eicosapentaenoic acid,
equivalent to 140 g of grilled cololabis saira ‘SANMA in
Japanese’, daily for 12 weeks. The primary efficacy vari-
able was score on the Clinician-Administered PTSD
Scale (CAPS). Omega-3 fatty acid supplementation was
well tolerated and resulted in a significantly increased
DHA concentration in erythrocytes. Compared with the
hypothetical mean in our previous cohort study [84],
omega-3 fatty acid supplementation resulted in a signifi-
cantly reduced mean CAPS total score (11 vs. 25, p =
0.03), and over the 12-week period, only one patient (1/
15, 6.7%) developed symptoms consistent with a diagno-
sis of both PTSD and major depression. Regarding the
adherence, significant differences in erythrocyte DHA
concentrations were confirmed between weeks 0 and 12
(mean % total fatty acids: 5.9 ± 1.4 vs. 8.4 ± 1.7, p <
.001). The author and colleagues also investigated the
potential role of BDNF as an underlying mechanism of
omega-3 fatty acid action for the prevention of PTSD
[85]. Serum BDNF was significantly elevated from weeks
0 to 12 (n = 11, 52.4 ± 16.7 vs. 79.8 ± 13.8, p = 0.001),
although it was largely unchanged in the two patients
who developed PTSD or major depression during the
trial. Change in the serum BDNF between weeks 0 to 12
was significantly larger in the non-distress group than in
the distress group, who met the criteria for PTSD or
major depression (median, 33.5; range, 8.5-56.0 vs. med-
ian, 5.4; range, 4.4-6.4, p = 0.037). Recently, Peters and
colleagues [86] have reported excellent work that BDNF
infused into the infralimbic medial prefrontal cortex (IL
mPFC) reduced conditioned fear, even in the absence of
extinction training. And they reported that rats failing to
learn extinction showed reduced BDNF in hippocampal
inputs to the IL mPFC and that augmenting BDNF in
this pathway prevented extinction failure. Hence, our
observation would be reasonable. Increasing BDNF activ-
ity in hippocampal BDNF may prove to be efficacious
intervention for PTSD. Because of the open-label design
and the lack of controls, however, no definitive conclu-
sion could be drawn from the trial and we must wait for
the results of an adequately powered randomized con-
trolled trial (ClinicalTrials.gov Identifier: NCT00671099)
(Figure 3). However, this pilot study has provided pro-
mising support for our hypothesis that omega-3 fatty
acid supplementation started shortly after accidental
injury may be efficacious in attenuating PTSD symptoms.

Conclusion and perspectives
This review has highlighted the major epidemiologic find-
ings of PTSD and possible nutritional intervention that
could be implemented in the aftermath of accidental
injury for prevention or amelioration of the disorder. It is

now becoming clearer that the modulation of adult hippo-
campal neurogenesis by diet affects learning, memory,
cognition and mood [41]. It is suggested that adult hippo-
campal neurogenesis may play a role in the periodic clear-
ance of hippocampal memory traces in contextual fear
conditioning [21]. Accordingly, adult hippocampal neuro-
genesis is emerging as a possible mediator of the effect of
diet on learning, memory, cognition and mood. Conse-
quently modulating adult hippocampal neurogenesis by
omega-3 fatty acid supplementation could be a target of
choice to prevent PTSD. Such intervention would likely be
acceptable in clinical practice in both mental health and
critical care medicine because of its convenience, empirical
results in animal studies and less frequent side effects. The
paucity of empirical data on nutritional intervention in the
immediate aftermath of extreme psychological trauma at
present indicates that more controlled trials based on
translational research are needed.

List of abbreviations
BDNF: brain-derived neurotrophic factor; CAPS: Clinician-Administered PTSD
Scale; CBT: cognitive behavioral therapy; DHA: docosahexaenoic acid; ICU:
intensive care unit; MVA: motor vehicle accident; PTSD: Posttraumatic stress
disorder.

Acknowledgements
The author would like to thank Professor Kaoru Inokuchi for editing and
critical review of figure 2. The author also thank Drs. Daisuke Nishi, Kenta
Matsumura, Kei Hamazaki, Naohiro Yonemoto and Professors Satoru
Kobayashi, Tomohito Hamazaki and Kenji Hashimoto for collaboration with
the clinical trial. This work was supported by CREST, the Japan Science and
Technology Agency.

Author details
1Department of Adult Mental Health, National Institute of Mental Health,
National Center of Neurology and Psychiatry, Tokyo, Japan. 2Department of
Psychiatry, National Disaster Medical Center, Tokyo; and CREST, Japan
Science and Technology Agency, Saitama, Japan.

Accident related injured patients admitted to the ICUAccident related injured patients admitted to the ICUAccident related injured patients admitted to the ICUAccident related injured patients admitted to the ICU

Psychological first aid provided by clinical psychologistPsychological first aid provided by clinical psychologist

Written informed consentWritten informed consent

Random allocation (n=140)Random allocation (n=140)

Allocated to placebo
supplementation (n=70)
Allocated to placebo

supplementation (n=70)
Allocated to omega 3 fatty
acid supplementation (n=70)
Allocated to omega 3 fatty
acid supplementation (n=70)

Follow up interview at 4 weeksFollow up interview at 4 weeks

Follow up interview at 12 weeksFollow up interview at 12 weeks

Figure 3 Flow diagram of the planned progress through the
phases of a parallel randomized trial of omega-3 fatty acid
supplementation for secondary prevention of PTSD after
accidental injury.

Matsuoka BioPsychoSocial Medicine 2011, 5:3
http://www.bpsmedicine.com/content/5/1/3

Page 5 of 8



Authors’ contributions
The author wrote the manuscript and holds final responsibility for the
decision to submit the manuscript for publication.

Competing interests
The author declares that they have no competing interests.

Received: 26 November 2010 Accepted: 8 February 2011
Published: 8 February 2011

References
1. Kessler RC, Chiu WT, Demler O, Merikangas KR, Walters EE: Prevalence,

severity, and comorbidity of 12-month DSM-IV disorders in the National
Comorbidity Survey Replication. Arch Gen Psychiatry 2005, 62:617-627.

2. Yehuda R: Post-traumatic stress disorder. N Engl J Med 2002, 346:108-114.
3. Murray CJ, Lopez AD: Alternative projections of mortality and disability

by cause 1990-2020: Global Burden of Disease Study. Lancet 1997,
349:1498-1504.

4. MacKenzie EJ, Rivara FP, Jurkovich GJ, Nathens AB, Frey KP, Egleston BL,
Salkever DS, Scharfstein DO: A national evaluation of the effect of
trauma-center care on mortality. N Engl J Med 2006, 354:366-378.

5. Mayou R, Bryant B, Ehlers A: Prediction of psychological outcomes one
year after a motor vehicle accident. Am J Psychiatry 2001, 158:1231-1238.

6. Zatzick DF, Rivara FP, Nathens AB, Jurkovich GJ, Wang J, Fan MY, Russo J,
Salkever DS, Mackenzie EJ: A nationwide US study of post-traumatic
stress after hospitalization for physical injury. Psychol Med 2007,
37:1469-1480.

7. Shalev AY, Freedman S, Peri T, Brandes D, Sahar T, Orr SP, Pitman RK:
Prospective study of posttraumatic stress disorder and depression
following trauma. Am J Psychiatry 1998, 155:630-637.

8. O’Donnell ML, Creamer M, Pattison P: Posttraumatic Stress Disorder and
Depression Following Trauma: Understanding Comorbidity. Am J
Psychiatry 2004, 161:1390-1396.

9. Hamanaka S, Asukai N, Kamijo Y, Hatta K, Kishimoto J, Miyaoka H: Acute
stress disorder and posttraumatic stress disorder symptoms among
patients severely injured in motor vehicle accidents in Japan. Gen Hosp
Psychiatry 2006, 28:234-241.

10. Schnyder U, Moergeli H, Klaghofer R, Buddeberg C: Incidence and
prediction of posttraumatic stress disorder symptoms in severely injured
accident victims. Am J Psychiatry 2001, 158:594-599.

11. Schnyder U, Wittmann L, Friedrich-Perez J, Hepp U, Moergeli H:
Posttraumatic stress disorder following accidental injury: rule or
exception in Switzerland? Psychother Psychosom 2008, 77:111-118.

12. Matsuoka Y, Nishi D, Nakajima S, Kim Y, Homma M, Otomo Y: Incidence
and prediction of psychiatric morbidity after a motor vehicle accident in
Japan: The Tachikawa Cohort of Motor Vehicle Accident Study. Crit Care
Med 2008, 36:74-80.

13. Davydow DS, Gifford JM, Desai SV, Needham DM, Bienvenu OJ:
Posttraumatic stress disorder in general intensive care unit survivors: a
systematic review. General Hospital Psychiatry 2008, 30:421-434.

14. Pitman RK, Delahanty DL: Conceptually driven pharmacologic approaches
to acute trauma. CNS Spectr 2005, 10:99-106.

15. Roberts NP, Kitchiner NJ, Kenardy J, Bisson JI: Systematic Review and
Meta-Analysis of Multiple-Session Early Interventions Following
Traumatic Events. Am J Psychiatry 2009, 166:293-301.

16. Lautrette A, Darmon M, Megarbane B, Joly LM, Chevret S, Adrie C,
Barnoud D, Bleichner G, Bruel C, Choukroun G, et al: A communication
strategy and brochure for relatives of patients dying in the ICU. N Engl J
Med 2007, 356:469-478.

17. Pitman RK, Sanders KM, Zusman RM, Healy AR, Cheema F, Lasko NB,
Cahill L, Orr SP: Pilot study of secondary prevention of posttraumatic
stress disorder with propranolol. Biol Psychiatry 2002, 51:189-192.

18. Vaiva G, Ducrocq F, Jezequel K, Averland B, Lestavel P, Brunet A,
Marmar CR: Immediate treatment with propranolol decreases
posttraumatic stress disorder two months after trauma. Biol Psychiatry
2003, 54:947-949.

19. Schelling G, Briegel J, Roozendaal B, Stoll C, Rothenhausler HB,
Kapfhammer HP: The effect of stress doses of hydrocortisone during
septic shock on posttraumatic stress disorder in survivors. Biol Psychiatry
2001, 50:978-985.

20. Schelling G, Kilger E, Roozendaal B, de Quervain DJ, Briegel J, Dagge A,
Rothenhausler HB, Krauseneck T, Nollert G, Kapfhammer HP: Stress doses of
hydrocortisone, traumatic memories, and symptoms of posttraumatic
stress disorder in patients after cardiac surgery: a randomized study. Biol
Psychiatry 2004, 55:627-633.

21. Kitamura T, Saitoh Y, Takashima N, Murayama A, Niibori Y, Ageta H,
Sekiguchi M, Sugiyama H, Inokuchi K: Adult neurogenesis modulates the
hippocampus-dependent period of associative fear memory. Cell 2009,
139:814-827.

22. O’Donnell ML, Creamer M, Pattison P, Atkin C: Psychiatric Morbidity
Following Injury. Am J Psychiatry 2004, 161:507-514.

23. Hepp U, Moergeli H, Buchi S, Bruchhaus-Steinert H, Kraemer B, Sensky T,
Schnyder U: Post-traumatic stress disorder in serious accidental injury: 3-
year follow-up study. The British Journal of Psychiatry 2008, 192:376-383.

24. Bryant RA, O’Donnell ML, Creamer M, McFarlane AC, Clark CR, Silove D: The
Psychiatric Sequelae of Traumatic Injury. Am J Psychiatry 2010,
167:312-320.

25. Matsuoka Y, Nishi D, Yonemoto N, Nakajima S, Kim Y: Towards an
explanation of inconsistent rates of posttraumatic stress disorder across
different countries: infant mortality rate as a marker of social
circumstances and basic population health. Psychother Psychosom 2010,
79:56-57.

26. Schnyder U, Moergeli H, Trentz O, Klaghofer R, Buddeberg C: Prediction of
psychiatric morbidity in severely injured accident victims at one-year
follow-up. Am J Respir Crit Care Med 2001, 164:653-656.

27. O’Donnell ML, Creamer M, Bryant RA, Schnyder U, Shalev A: Posttraumatic
disorders following injury: an empirical and methodological review. Clin
Psychol Rev 2003, 23:587-603.

28. Holbrook TL, Hoyt DB, Stein MB, Sieber WJ: Perceived threat to life
predicts posttraumatic stress disorder after major trauma: risk factors
and functional outcome. J Trauma 2001, 51:287-292, discussion 292-283.

29. Holbrook TL, Hoyt DB, Stein MB, Sieber WJ: Gender differences in long-
term posttraumatic stress disorder outcomes after major trauma:
women are at higher risk of adverse outcomes than men. J Trauma
2002, 53:882-888.

30. Bryant RA, Creamer M, O’Donnell M, Silove D, McFarlane AC: A Multisite
Study of Initial Respiration Rate and Heart Rate as Predictors of
Posttraumatic Stress Disorder. J Clin Psychiatry 2008, 69:1694-1701.

31. Zatzick DF, Russo J, Pitman RK, Rivara F, Jurkovich G, Roy-Byrne P:
Reevaluating the association between emergency department heart rate
and the development of posttraumatic stress disorder: A public health
approach. Biol Psychiatry 2005, 57:91-95.

32. Holbrook TL, Galarneau MR, Dye JL, Quinn K, Dougherty AL: Morphine Use
after Combat Injury in Iraq and Post-Traumatic Stress Disorder. N Engl J
Med 2010, 362:110-117.

33. Bryant RA, Creamer M, O’Donnell M, Silove D, McFarlane AC: A study of the
protective function of acute morphine administration on subsequent
posttraumatic stress disorder. Biol Psychiatry 2009, 65:438-440.

34. Ressler KJ, Mayberg HS: Targeting abnormal neural circuits in mood and
anxiety disorders: from the laboratory to the clinic. Nat Neurosci 2007,
10:1116-1124.

35. McGaugh JL: Memory-a century of consolidation. Science 2000,
287:248-251.

36. Nemeroff CB, Bremner JD, Foa EB, Mayberg HS, North CS, Stein MB:
Posttraumatic stress disorder: A state-of-the-science review. Journal of
Psychiatric Research 2006, 40:1-21.

37. Rauch SL, Shin LM, Phelps EA: Neurocircuitry models of posttraumatic
stress disorder and extinction: human neuroimaging research–past,
present, and future. Biol Psychiatry 2006, 60:376-382.

38. Feng R, Rampon C, Tang YP, Shrom D, Jin J, Kyin M, Sopher B, Miller MW,
Ware CB, Martin GM, et al: Deficient neurogenesis in forebrain-specific
presenilin-1 knockout mice is associated with reduced clearance of
hippocampal memory traces. Neuron 2001, 32:911-926.

39. Aimone JB, Wiles J, Gage FH: Potential role for adult neurogenesis in the
encoding of time in new memories. Nat Neurosci 2006, 9:723-727.

40. Pitman RK: Post-traumatic stress disorder, hormones, and memory. Biol
Psychiatry 1989, 26:221-223.

41. Stangl D, Thuret S: Impact of diet on adult hippocampal neurogenesis.
Genes Nutr 2009, 4:271-282.

42. Zhao C, Deng W, Gage FH: Mechanisms and Functional Implications of
Adult Neurogenesis. Cell 2008, 132:645-660.

Matsuoka BioPsychoSocial Medicine 2011, 5:3
http://www.bpsmedicine.com/content/5/1/3

Page 6 of 8

http://www.ncbi.nlm.nih.gov/pubmed/15939839?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15939839?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15939839?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11784878?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9167458?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9167458?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16436768?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16436768?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11481156?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11481156?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17559704?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17559704?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9585714?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9585714?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15285964?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15285964?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16675367?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16675367?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16675367?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11282694?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11282694?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11282694?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18230944?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18230944?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18090377?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18090377?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18090377?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18774425?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18774425?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15685120?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15685120?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19188285?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19188285?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19188285?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17267907?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17267907?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11822998?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11822998?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14573324?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14573324?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11750894?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11750894?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15013832?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15013832?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15013832?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19914173?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19914173?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14992977?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14992977?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18450664?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18450664?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20048022?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20048022?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19923876?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19923876?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19923876?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19923876?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11520732?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11520732?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11520732?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12788111?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12788111?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11493786?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11493786?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11493786?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12435938?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12435938?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12435938?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19014750?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19014750?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19014750?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15607305?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15607305?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15607305?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20071700?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20071700?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19058787?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19058787?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19058787?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17726478?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17726478?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10634773?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16242154?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16919525?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16919525?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16919525?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11738035?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11738035?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11738035?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16732202?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16732202?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2545287?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19685256?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18295581?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18295581?dopt=Abstract


43. Ross BM, Seguin J, Sieswerda LE: Omega-3 fatty acids as treatments for
mental illness: which disorder and which fatty acid? Lipids Health Dis
2007, 6:21.

44. Parker G, Gibson NA, Brotchie H, Heruc G, Rees A-M, Hadzi-Pavlovic D:
Omega-3 Fatty Acids and Mood Disorders. Am J Psychiatry 2006,
163:969-978.

45. Beltz BS, Tlusty MF, Benton JL, Sandeman DC: Omega-3 fatty acids
upregulate adult neurogenesis. Neurosci Lett 2007, 415:154-158.

46. Wu A, Ying Z, Gomez-Pinilla F: Dietary omega-3 fatty acids normalize
BDNF levels, reduce oxidative damage, and counteract learning
disability after traumatic brain injury in rats. J Neurotrauma 2004,
21:1457-1467.

47. Wu A, Ying Z, Gomez-Pinilla F: Docosahexaenoic acid dietary
supplementation enhances the effects of exercise on synaptic plasticity
and cognition. Neuroscience 2008, 155:751-759.

48. Calderon F, Kim HY: Docosahexaenoic acid promotes neurite growth in
hippocampal neurons. J Neurochem 2004, 90:979-988.

49. Kawakita E, Hashimoto M, Shido O: Docosahexaenoic acid promotes
neurogenesis in vitro and in vivo. Neuroscience 2006, 139:991-997.

50. Venna VR, Deplanque D, Allet C, Belarbi K, Hamdane M, Bordet R: PUFA
induce antidepressant-like effects in parallel to structural and molecular
changes in the hippocampus. Psychoneuroendocrinology 2009, 34:199-211.

51. Katoh-Semba R, Takeuchi IK, Semba R, Kato K: Distribution of brain-derived
neurotrophic factor in rats and its changes with development in the
brain. J Neurochem 1997, 69:34-42.

52. Hashimoto K: Brain-derived neurotrophic factor as a biomarker for mood
disorders: An historical overview and future directions. Psychiatry and
Clinical Neurosciences 2010, 64:341-357.

53. Scharfman H, Goodman J, Macleod A, Phani S, Antonelli C, Croll S:
Increased neurogenesis and the ectopic granule cells after
intrahippocampal BDNF infusion in adult rats. Exp Neurol 2005,
192:348-356.

54. Watanabe A, Toyota T, Owada Y, Hayashi T, Iwayama Y, Matsumata M,
Ishitsuka Y, Nakaya A, Maekawa M, Ohnishi T, et al: Fabp7 maps to a
quantitative trait locus for a schizophrenia endophenotype. PLoS Biol
2007, 5:e297.

55. Conklin SM, Gianaros PJ, Brown SM, Yao JK, Hariri AR, Manuck SB,
Muldoon MF: Long-chain omega-3 fatty acid intake is associated
positively with corticolimbic gray matter volume in healthy adults.
Neuroscience Letters 2007, 421:209-212.

56. McNamara RK, Hahn CG, Jandacek R, Rider T, Tso P, Stanford KE,
Richtand NM: Selective deficits in the omega-3 fatty acid
docosahexaenoic acid in the postmortem orbitofrontal cortex of
patients with major depressive disorder. Biol Psychiatry 2007, 62:17-24.

57. Bossini L, Tavanti M, Calossi S, Lombardelli A, Polizzotto NR, Galli R, Vatti G,
Pieraccini F, Castrogiovanni P: Magnetic resonance imaging volumes of
the hippocampus in drug-naive patients with post-traumatic stress
disorder without comorbidity conditions. J Psychiatr Res 2008, 42:752-762.

58. Bremner JD, Randall P, Scott TM, Bronen RA, Seibyl JP, Southwick SM,
Delaney RC, McCarthy G, Charney DS, Innis RB: MRI-based measurement of
hippocampal volume in patients with combat- related posttraumatic
stress disorder. Am J Psychiatry 1995, 152:973-981.

59. Bremner JD, Randall P, Vermetten E, Staib L, Bronen RA, Mazure C, Capelli S,
McCarthy G, Innis RB, Charney DS: Magnetic resonance imaging-based
measurement of hippocampal volume in posttraumatic stress disorder
related to childhood physical and sexual abuse–a preliminary report. Biol
Psychiatry 1997, 41:23-32.

60. Gilbertson MW, Shenton ME, Ciszewski A, Kasai K, Lasko NB, Orr SP,
Pitman RK: Smaller hippocampal volume predicts pathologic
vulnerability to psychological trauma. Nature Neuroscience 2002,
5:1242-1247.

61. Gurvits TV, Shenton ME, Hokama H, Ohta H, Lasko NB, Gilbertson MW,
Orr SP, Kikinis R, Jolesz FA, McCarley RW, Pitman RK: Magnetic resonance
imaging study of hippocampal volume in chronic, combat-related
posttraumatic stress disorder. Biol Psychiatry 1996, 40:1091-1099.

62. Karl A, Schaefer M, Malta LS, Dorfel D, Rohleder N, Werner A: A meta-
analysis of structural brain abnormalities in PTSD. Neurosci Biobehav Rev
2006, 30:1004-1031.

63. Kitayama N, Vaccarino V, Kutner M, Weiss P, Bremner JD: Magnetic
resonance imaging (MRI) measurement of hippocampal volume in

posttraumatic stress disorder: a meta-analysis. J Affect Disord 2005,
88:79-86.

64. Smith ME: Bilateral hippocampal volume reduction in adults with post-
traumatic stress disorder: a meta-analysis of structural MRI studies.
Hippocampus 2005, 15:798-807.

65. Stein MB, Koverola C, Hanna C, Torchia MG, McClarty B: Hippocampal
volume in women victimized by childhood sexual abuse. Psychol Med
1997, 27:951-959.

66. Villarreal G, Hamilton DA, Petropoulos H, Driscoll I, Rowland LM, Griego JA,
Kodituwakku PW, Hart BL, Escalona R, Brooks WM: Reduced hippocampal
volume and total white matter volume in posttraumatic stress disorder.
Biol Psychiatry 2002, 52:119-125.

67. Wignall EL, Dickson JM, Vaughan P, Farrow TF, Wilkinson ID, Hunter MD,
Woodruff PW: Smaller hippocampal volume in patients with recent-onset
posttraumatic stress disorder. Biol Psychiatry 2004, 56:832-836.

68. Winter H, Irle E: Hippocampal volume in adult burn patients with and
without posttraumatic stress disorder. Am J Psychiatry 2004,
161:2194-2200.

69. Woon FL, Hedges DW: Hippocampal and amygdala volumes in children
and adults with childhood maltreatment-related posttraumatic stress
disorder: a meta-analysis. Hippocampus 2008, 18:729-736.

70. Wang Z, Neylan TC, Mueller SG, Lenoci M, Truran D, Marmar CR,
Weiner MW, Schuff N: Magnetic Resonance Imaging of Hippocampal
Subfields in Posttraumatic Stress Disorder. Arch Gen Psychiatry 2010,
67:296-303.

71. Bonne O, Brandes D, Gilboa A, Gomori JM, Shenton ME, Pitman RK,
Shalev AY: Longitudinal MRI study of hippocampal volume in trauma
survivors with PTSD. Am J Psychiatry 2001, 158:1248-1251.

72. Carrion VG, Weems CF, Eliez S, Patwardhan A, Brown W, Ray RD, Reiss AL:
Attenuation of frontal asymmetry in pediatric posttraumatic stress
disorder. Biol Psychiatry 2001, 50:943-951.

73. De Bellis MD, Keshavan MS, Clark DB, Casey BJ, Giedd JN, Boring AM,
Frustaci K, Ryan ND: Developmental traumatology. Part II: Brain
development. Biol Psychiatry 1999, 45:1271-1284.

74. De Bellis MD, Keshavan MS, Shifflett H, Iyengar S, Beers SR, Hall J, Moritz G:
Brain structures in pediatric maltreatment-related posttraumatic stress
disorder: a sociodemographically matched study. Biol Psychiatry 2002,
52:1066-1078.

75. Fennema-Notestine C, Stein MB, Kennedy CM, Archibald SL, Jernigan TL:
Brain morphometry in female victims of intimate partner violence with
and without posttraumatic stress disorder. Biol Psychiatry 2002,
52:1089-1101.

76. Golier JA, Yehuda R, De Santi S, Segal S, Dolan S, de Leon MJ: Absence of
hippocampal volume differences in survivors of the Nazi Holocaust with
and without posttraumatic stress disorder. Psychiatry Res 2005, 139:53-64.

77. Pederson CL, Maurer SH, Kaminski PL, Zander KA, Peters CM, Stokes-
Crowe LA, Osborn RE: Hippocampal volume and memory performance in
a community-based sample of women with posttraumatic stress
disorder secondary to child abuse. J Trauma Stress 2004, 17:37-40.

78. Matsuoka Y, Yamawaki S, Inagaki M, Akechi T, Uchitomi Y: A volumetric
study of amygdala in cancer survivors with intrusive recollections. Biol
Psychiatry 2003, 54:736-743.

79. Nakano T, Wenner M, Inagaki M, Kugaya A, Akechi T, Matsuoka Y,
Sugahara Y, Imoto S, Murakami K, Uchitomi Y: Relationship between
distressing cancer-related recollections and hippocampal volume in
cancer survivors. Am J Psychiatry 2002, 159:2087-2093.

80. Matsuoka Y, Nagamine M, Mori E, Imoto S, Kim Y, Uchitomi Y: Left
Hippocampal Volume Inversely Correlates With Enhanced Emotional
Memory in Healthy Middle-Aged Women. J Neuropsychiatry Clin Neurosci
2007, 19:335-338.

81. Bossini L, Tavanti M, Lombardelli A, Calossi S, Polizzotto NR, Galli R, Vatti G,
Pieraccini F, Castrogiovanni P: Changes in hippocampal volume in
patients with post-traumatic stress disorder after sertraline treatment.
J Clin Psychopharmacol 2007, 27:233-235.

82. Vermetten E, Vythilingam M, Southwick SM, Charney DS, Bremner JD: Long-
term treatment with paroxetine increases verbal declarative memory
and hippocampal volume in posttraumatic stress disorder. Biol Psychiatry
2003, 54:693-702.

83. Matsuoka Y, Nishi D, Yonemoto N, Hamazaki K, Hashimoto K, Hamazaki T:
Omega-3 fatty acids for secondary prevention of posttraumatic stress

Matsuoka BioPsychoSocial Medicine 2011, 5:3
http://www.bpsmedicine.com/content/5/1/3

Page 7 of 8

http://www.ncbi.nlm.nih.gov/pubmed/17877810?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17877810?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16741195?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17240063?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17240063?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15672635?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15672635?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15672635?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18620024?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18620024?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18620024?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15287904?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15287904?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16527422?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16527422?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18848400?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18848400?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18848400?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9202291?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9202291?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9202291?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20653908?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20653908?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15755552?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15755552?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18001149?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18001149?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17574755?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17574755?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17188654?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17188654?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17188654?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17892884?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17892884?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17892884?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7793467?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7793467?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7793467?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8988792?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8988792?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8988792?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12379862?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12379862?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8931911?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8931911?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8931911?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16730374?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16730374?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16033700?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16033700?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16033700?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15988763?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15988763?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9234472?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9234472?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12114003?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12114003?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15576059?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15576059?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15569889?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15569889?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18446827?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18446827?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18446827?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20194830?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20194830?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11481158?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11481158?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11750890?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11750890?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10349033?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10349033?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12460690?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12460690?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12460692?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12460692?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15939577?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15939577?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15939577?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15027791?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15027791?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15027791?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14512214?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14512214?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12450961?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12450961?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12450961?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17827421?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17827421?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17827421?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17414261?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17414261?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14512209?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14512209?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14512209?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20520307?dopt=Abstract


disorder after accidental injury: An open-label pilot study. J Clin
Psychopharmacol 2010, 30:217-219.

84. Matsuoka Y, Nishi D, Nakajima S, Yonemoto N, Hashimoto K, Noguchi H,
Homma M, Otomo Y, Kim Y: The Tachikawa cohort of motor vehicle
accident study investigating psychological distress: design, methods and
cohort profiles. Soc Psychiatry Psychiatr Epidemiol 2009, 44:341.

85. Matsuoka Y, Nishi D, Yonemoto N, Hamazaki K, Hamazaki T, Hashimoto K:
Potential role of BDNF in the omega-3 fatty acid supplementation to
prevent posttraumatic distress after accidental injury: An open-label
pilot study. Psychothear Psychosom .

86. Peters J, Dieppa-Perea LM, Melendez LM, Quirk GJ: Induction of Fear
Extinction with Hippocampal-Infralimbic BDNF. Science 2010,
328:1288-1290.

doi:10.1186/1751-0759-5-3
Cite this article as: Matsuoka: Clearance of fear memory from the
hippocampus through neurogenesis by omega-3 fatty acids: a novel
preventive strategy for posttraumatic stress disorder? BioPsychoSocial
Medicine 2011 5:3.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Matsuoka BioPsychoSocial Medicine 2011, 5:3
http://www.bpsmedicine.com/content/5/1/3

Page 8 of 8

http://www.ncbi.nlm.nih.gov/pubmed/20520307?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20522777?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20522777?dopt=Abstract

	Abstract
	Introduction
	Prevalence of PTSD after accidental injury
	Risk factors for accident-related PTSD
	Consolidation of fear memory
	Role of hippocampal neurogenesis in memory consolidation
	Modulating consolidation of traumatic memories
	Omega-3 fatty acids and hippocampal neurogenesis
	Clinical trial for PTSD prevention by omega-3 fatty acids
	Conclusion and perspectives
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


