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Chapter

Eicosapentaenoic Acid Intake
Associated with Reduced Risk of
Posttraumatic Stress Disorder after
the Great East Japan Earthquake
and Tsunami

Emiko Aizawa, Miho Ota, Ikki Ishida, Norie Koga,
Kotaro Hattori, Shinji Sato, Takashi Asada
and Hiroshi Kunugi

Abstract

Posttraumatic stress disorder (PTSD) is a debilitating condition characterized
by intrusion, avoidance, hyperarousal symptoms after exposure to traumatic
events. Since polyunsaturated fatty acids (PUFAs) have been implicated, we
examined the possible association of PTSD with plasma PUFA level and dietary
fish intake in 563 women who was struck by the Great East Japan Earthquake and
Tsunami. The impact event scale-revised (IES-R) was used to assess PTSD symp-
toms. Dietary intake was estimated by a self-report questionnaire. Multivariate
analysis controlling for age, body mass index, and stress revealed that PTSD
status (IES-R > 25) was associated with plasma eicosapentaenoic acid (EPA) level
(P = 0.039). In the high-stress group, there were significantly inverse correlations
of plasma EPA with IES-R total (r = —0.389, P = 0.031), intrusion (r = —0.370,

P = 0.04), and hyperarousal scores (r = —0.480, P = 0.006), although such cor-
relations were not found in the moderate-stress group. Fish intake that increased
plasma EPA showed similar correlations with IES-R scores in the severely stressed
group. Our results suggest that higher plasma EPA level and EPA-increasing fish
intake are associated with a lower risk for PTSD in individuals who have suffered
severe stress in a natural disaster.

Keywords: posttraumatic stress disorder, Great East Japan Earthquake,
eicosapentaenoic acid, nutrition

1. Introduction

Posttraumatic stress disorder (PTSD) is a debilitating psychiatric condition
characterized by intrusion, avoidance, hyperarousal, and other symptoms, which
occurs in response to an array of traumatic events including physical, sexual, or
mental abuse; wartime experiences; or being the victim of a violent crime [1]. The
resulting stress can cause a pro-inflammatory response in the brain characterized
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primarily by the complex release of inflammatory mediators such as cytokines,
prostanoids, free radicals, and transcription factors, as well as subsequent
brain inflammatory responses, which further contribute to cell damage [2, 3].
Conventional treatment for PTSD includes pharmacotherapy, psychotherapy, and
psychophysiological therapy, although it is often resistant to these treatments [4].
An alternative strategy might be the use of diet or nutritional care, particularly
those focusing on polyunsaturated fatty acids (PUFAs) such as eicosapentaenoic acid
(EPA; C20: 5n-3), docosahexaenoic acid (DHA; C22: 6n-3), and arachidonic acid (AA;
C20: 4n-6) in preventing and treating PTSD [5]. A series of studies by Matsuoka and
colleagues [6-9] reported that the effect of DHA on the prevention of PTSD was mini-
mal; however, subsequent elevation of EPA level in erythrocytes was correlated with
less PTSD symptoms and better quality of life. However, there is a dearth of studies
on the possible relationship between blood levels of PUFAs and the risk of PTSD. The
same research group found that AA and EPA levels in the serum were both inversely
related to the risk for PTSD in subjects of post-motor vehicle accident [10]. Kalinic
et al. reported inverse correlations of EPA, but not AA or DHA, levels in the serum
with the severity of combat-related PTSD symptoms in Croatian war veterans [11].
These results were, at least in part, inconsistent, which requires further investigations.
In the present study, we examined the relationships of plasma levels and dietary
intake of PUFAs with the development of PTSD among women who lived in Kitaibaraki
city and struck by the Great East Japan Earthquake and Tsunami on March 11, 2011.

2. Subjects and methods
2.1 Study population

The study population consisted of volunteers who were living in the earthquake
disaster zone in Kitaibaraki, Japan, a city with a population of approximately
45,000. Our study was conducted from November 2011 to August 2012. Participants
were selected based on the following criteria: females who were 20 years or older
on November 1, 2011 and were able to come to a local hospital on their own. The
study population was limited to females in order to eliminate the gender differences
reported in the response to traumatic events [12] and in effects of PUFAs [6].

Our study population comprised 563 women (mean age: 53.3 + 15.8). A total
of 113 out of the 563 participants lived along the coastline where the impact of the
tsunami was particularly high. The study was fully explained to all potential par-
ticipants, after which written informed consent to the participation was obtained.
This study was conducted in accordance with the declaration of Helsinki [13] and
approved by the ethics committees of the University of Tsukuba and the National
Center of Neurology and Psychiatry, Japan.

2.2 Dividing the study population into four groups

The study population was then ultimately divided into four groups through a
two-stage process: first determining stress exposure and second determining the
presence of PTSD. Participants were initially asked to fill out an original four-item
questionnaire developed by our group. This questionnaire is designed to assess the
degree of exposure to stress caused by the earthquake and tsunami and provide a
total impact score. These four items inquired the occurrence of: (1) severe injury or
death among close relatives (one point per person), (2) severe inundation-related
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damage to house or apartment of the participant, (3) partial or complete destruc-
tion of a housing unit and/or household belongings, and (4) significant decrease in
income. The study population was then divided into a high stress group and moder-
ate stress group based on the results of the questionnaire. The high stress group

was defined as including participants who were impacted by three or more of the
abovementioned items. The moderate stress group was defined as those participants
who were impacted by two or less of the items.

Next, these high-stress and moderate-stress groups were each further divided
into two groups: those participants with PTSD (PTSD group) and those without
PTSD (non-PTSD group) based on the IES-R questionnaire. Figure 1 shows the
numbers of individuals for the four groups of high-stress/PTSD, high-stress/non-
PTSD, moderate-stress/PTSD, and moderate-stress/non-PTSD.

2.31ES-R questionnaire

The Japanese version of IES-R questionnaire was used to screen for PTSD symp-
toms because IES-R is the most widely used questionnaire in all forms of disaster-
area research [14, 15]. This questionnaire consists of 22 items that comprise three
subscales of intrusion (8 items), avoidance (8 items), and hyperarousal (6 items).
IES-R evaluates symptom severity using a 5-point scale (0-4) for the previous
1-week period. PTSD was defined as present when the IES-R score was 25 or more,
according to a previous study [16].

2.4 Assessment of dietary intake

Dietary intake was assessed using the brief-type self-administered diet history
questionnaire (BDHQ) [17, 18]. This questionnaire assesses diet habits in the preced-
ing month. Dietary intake, particularly fish intake, was calculated using an
ad hoc computer algorithm (including weighting factors) designed specifically for the
BDHQ. Dietary intake was adjusted by using the nutrient density method defined as
the percentage of energy for energy-providing nutrients and amount per 1000 kcal
of energy for other nutrients. In BDHQ, fish intake was assessed by six categories:
category 1 (C1): squid, shrimp, lobster, and shellfish; C2: whole-eat fish; C3: canned
tuna; C4: dried fish/salted fish; C5: oil-rich fish; and Cé6: non-oil-rich fish.

Study Population n=563

Affected n=33 Un affected n =530

| PTSD | [ NonPTsD | [ PTsD | | NonPTSD |
n=18 n=15 n=91 n =439

Figure 1.
Diagram of data analysis procedure. The study population was divided into four groups through a two-stage
process: first by determining stress exposure and second by determining the presence of PTSD.
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2.5 Measurement of plasma fatty acids

Non-fasting venous blood samples were collected between the hours of 9:00
and 15:00 from each participant to determine the plasma levels of EPA, DHA, and
AA. These samples were collected in tubes containing ethylenediaminetetraacetic
acid (EDTA) and were centrifuged at 3000g for 10 min. Plasma fatty acids were
measured by gas chromatography (Gas Chromatograph, Model GC-2010, Shimadzu
Corporation, Japan) [19] at the SRL Inc. (Tokyo Japan).

2.6 Statistical analysis

Participant characteristics, biochemical, and nutritional data are presented as
mean * standard deviation (SD) or the number of persons. Analysis of variance
(ANOVA) was used to examine differences in demographic and clinical variables
between the high-stress and moderate-stress groups as well as between the PTSD
and non-PTSD groups. The X” test for independence was used to compare the
prevalence of PTSD between high- and moderate-stress groups. Differences in
values between PTSD and non-PTSD were examined for the blood test results
and nutrients assessed by BDHQ using two-way multiple analysis of covariance
(MANCOVA) after adjustment for age and body mass index (BMI). Partial correla-
tion analysis adjusting for age and BMI was used to examine relationships of plasma
EPA level and fish intake with IES-R scores. Analysis was performed using the
Statistical Package for the Social Sciences (SPSS) version 21.0 (SPSS Japan, Tokyo).
Statistical significance was set at two-tailed P < 0.05.

3. Results
3.1 Characteristics of the study participants

The characteristics of the study participants are shown for the high- and moderate-
stress groups after each group was further divided into PTSD and non-PTSD groups
(Table 1). No significant differences were found in age, BMI, or education between
the high- and moderate-stress groups or between the PTSD and non-PTSD groups. As
expected, the degree of exposure to stress of the high-stress group was significantly
higher than moderate-stress group. The prevalence of PTSD was 55% for the high
stress group and 17% for the moderate stress group [X%=278,df =1, P = 0.00000013,
Cramer’s V = 0.22, odds ratio; 5.8, 95% confidence interval (CI): 2.8-11.9]. As expected,
the PTSD group exhibited significantly higher scores for the total IES-R score as well as
the intrusion, avoidance, and hyperarousal subscales than the non-PTSD group.

3.2 Association between plasma EPA level and PTSD

Plasma PUFA concentrations for the four groups are shown in Table 2. MANCOVA
analysis controlling for age and BMI revealed that PTSD was significantly associated
with plasma EPA level [F(1, 557) = 4.27, P = 0.039, partial n* = 0.008], but not with
DHA [F(1, 557) =1.98, P = 0.16, partial 772 =0.004], or AA [F(1,557) = 0.186, P = 0.174,
partial ” = 0.003] and that there was a non-significant association between PTSD
and EPA/AA ratio [F(1, 557) = 3.28, P = 0.071, partial n* = 0.006]. It also detected a
stress x PTSD interaction effect on plasma EPA level at a trend level [F(1, 557) = 3.281,
P = 0.091, partial #/* = 0.005]. As shown in Table 2, mean plasma EPA level was
substantially higher in the non-PTSD group than in the PTSD group among individuals
who had high stress, while it was similar for the PTSD and non-PTSD groups among
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Characteristics High stress Moderate stress Fvalue; partial 7> Pvalue; Fvalue; partial Pvalue; PTSD
high stress v. 7 v.non-PTSD
PTSD Non-PTSD PTSD Non-PTSD moderate stress
(n = 18) (n = 15) (n = 91) (n = 439)
Age (years) 578 +14.3 577 +13.2 54.6 + 16.7 52.7 +15.7 F(1, 559) = 2.032; partial 0.155 F(1,559) = 0.111; 0.739
7 = 0.004 partial * = 0.000

BMI (kg/cmz) 247 +4.9 24136 236 +39 231+3.8 F(1,559) = 2.204; partial 172 0.138 F(1,559) = 0.487; 0.486
=0.004 partial 5 = 0.001

Education (years) 122+24 12.0+2.2 114+19 122+22 F(1, 559) = 0.626; partial e 0.429 F(1,559) = 0.402; 0.526
=0.001 partial * = 0.001

The degree of exposure to stress

Total points 31+0.24 3.0+0.0 11+0.8 1.0+ 0.7 F(1, 559) = 240.1; partial <0.001 F(1,559) = 0.644; 0.423
=03 partial * = 0.001

Death or injury in 4 (22%) 4 (27%) 4 (4%) 13 (3%) F(1, 559) = 45.87; partial i7" <0.001 0.216

relatives, n (%) =0.076

Inundation damage, 14 (78%) 11 (73%) 8 (9%) 26 (6%) F(1,559) = 203.1; partial " <0.001 0.445

n (%) =0.266

Material damage, n 18 (100%) 14 (93%) 63 (69%) 284 (64%) F(1,559) = 12.1; partial e 0.001 0.512

(%) =0.021

Decreased income, 18 (100%) 14 (93%) 26 (29%) 97 (22%) F(1, 559) = 88.3; partial e <0.001 0.387

n (%) =0.004

IES-RIES-R

IES-R score 38.8 +14.3 13.7+ 6.5 379 +124 8.7+6.8 F(1, 559) = 3.629; partial 172 0.057 F(1,559) = 0.318; <0.001
=0.006 partial ” = 0.363

IES-R intrusion 145+ 6.5 54 +27 143 +53 34+3.0 F(1, 559) = 2.647; partial 0.104 F(1, 559) =227.3; <0.001

n*=0.005

partial /* = 0.289

£9£98'uadaqoalu;/ZZZS'OI/SAO';op'xp//:qu J0a
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Characteristics High stress Moderate stress Fvalue; partial 7> Pvalue; Fvalue; partial Pvalue; PTSD
high stress v. 7 v.non-PTSD
PTSD Non-PTSD PTSD Non-PTSD moderate stress
(n = 18) (n = 15) (n = 91) (n = 439)

IES-R avoidance 13.7 + 4.9 54+29 135+4.9 31+34 F(1, 559) = 3.50; partial "’ 0.062 F(1,559) =182.7; <0.001
=0.006 partial /* = 0.246

IES-R hyperarousal 106 £5.2 29+16 10.1+ 44 24+23 F(1, 559) = 0.670; partial e 0.414 F(1,559) = 214.9; <0.001
=0.001 partial 7/* = 0.278

Pvalue for differences among high stress and moderate stress, as well as PTSD and non-PTSD were calculated by using analysis of variance (ANOVA). Significant results ave indicated in bold letters.

Mean + SD (standavd deviation, all such values).
IES-R, impact event scale-revised.

Table 1.
Characteristics of the study participants (n = 563).
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Fatty
acid

High stress

Moderate stress

Fvalue; P; PTSD

PTSD
(n = 18)

Non-PTSD
(n = 15)

PTSD
(n = 91)

V. non-
PTSD

partial >
Non-PTSD
(n = 439)

EPA

77.0 £33.5 1074 + 674

773 +433

769 £ 539 F(Q, 0.039*
559) = 4.27;
partial

7+ =0.008

DHA

168.8 + 41.8 191.8 + 65.6

168.9 + 60.5

166.5 + 63.6 F(Q, 0.160
559) = 1.98;
partial

7 = 0.004

AA

196.8 + 49.6 2076 + 50.6

186.7 £29.3

1941 +423 F(Q,
559) = 1.86;
partial

7 =0.003

0.174

EPA/
AA

240 +£1.19 341+2.06

245 +1.66

248 £1.94 F(1,
559) = 3.28;
partial

7’ =0.006

0.071

AA, arachidonic acid; EPA, eicosapentaenoic acid; DHA, docosahexaenoic acid; and AA/EPA, ratio.
Significant differences in plasma PUFA concentrations were found using analysis of covariance (ANCOVA) analysis
after adjustment for age and BMI. Mean + SD (all such values). P < 0.05.

Plasma fatty acid concentrations (ug/mL) for the four groups stratified by the stress level and the presence of

Table 2.
PTSD (n = 563).
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Scatter plots of plasma EPA level with IES-R scoves in the high-stvess group. (a) IES-R total, (b) intrusion,
(c) avoidance, and (d) hyperarousal. IES-R, impact event scale-revised; v, partial correlation coefficient,
controlling for age and BMI.
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Scatter plots of EPA-correlated fish intake with IES-R scoves in the high-stress group. (a) IES-R total, (b) intrusion,
(c) avoidance, and (d) hyperarousal. IES-R, impact event scale-revised; v, partial correlation coefficient,
controlling for age and BMI. As shown, there was one individual who had exceptionally high fish intake, which
may have biased the vesults. Even when this individual was excluded, theve remained inverse correlations of EPA-
corvelated fish intake, at least at a trend level, with IES-R total score (v = —0.352, P = 0.057), intrusion (v = —0.343,
P = 0.063), and hyperarousal (v = —0.412, P = 0.024), but not with avoidance scove (v = —0.224, P = 0.23). EPA-
velated fish intake (g/1000 kcal): energy adjusted values by density method (g/1000 kcal).

those who had moderate stress. This raises the possibility that higher plasma EPA may
have a protective effect on the development of PTSD in the high-stress group.

3.3 Negative correlation between plasma EPA level and PTSD symptoms

Since plasma EPA was found to be associated with PTSD, we then performed the
partial correlation analyses between plasma EPA level and IES-R scores, controlling for
age and BMI for the high stress and moderate stress groups separately. In the high-stress
group, there were significant inverse correlations of plasma EPA level with IES-R
total score (r = —0.389, P = 0.031), intrusion (r = —0.370, P = 0.04), and hyperarousal
(r=—-0.480, P = 0.006), but not with avoidance score (r = —0.240, P = 0.19) (Figure2).
In the moderate-stress group, however, there was no significant correlation (total score:
r = 0.020, P = 0.64; intrusion: r = —0.009, P = 0.84; avoidance: r = 0.020, P = 0.65).

3.4 Association of dietary fish intake and PTSD

Initially, we examined the partial correlation between fish intake and plasma
EPA level in the total subjects (N = 563), controlling for age and BMI. Among the six
categories of the fish intake (see Section 2), categories 2, 4, 5, and 6 showed a highly
significant correlation with plasma EPA (C2:r = 0.127, P = 0.003; C4:r = 0.288,

P <0.001; C5:r = 0.197, P < 0.001; Cé6: r = 0.158, P < 0.001), while categories 1 and
3 did not (both P > 0.05). Then, we summed fish intakes of categories 2, 4, 5, and

6 (i.e., C2 + C4 + C5 + C6) to make a variable of “EPA-correlated fish intake.” This
variable was used for the analysis of the relationship between fish intake and PTSD.
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When analyses were performed similarly to plasma EPA, EPA-correlated fish
intake tended to be greater in the non-PTSD group than in the PTSD group
[F(1,29) =2.99, P = 0.094, partial n* = 0.094] in the high-stress group. Such rela-
tionship was not found in the moderate-stress group (data not shown).

Then, we performed partial correlation analyses between EPA-correlated fish intake
and IES-R scores. In individuals who experienced high stress, there were significant
inverse correlations of EPA-correlated fish intake with IES-R total score (r = —0.377,

P =0.037), intrusion (r = —0.370, P = 0.041), and hyperarousal (r = —0.393, P = 0.029),
but not with avoidance score (r = —0.290, P = 0.11) (Figure 3). In those who had
moderate stress, however, there was no significant correlation (data not shown).

4, Discussion

Our main findings can be summarized as follows. Plasma EPA level was higher
in the non-PTSD group than in the PTSD group among individuals with high stress
but not among those with moderate stress. There was a negative correlation of
plasma EPA level with IES-R total, intrusion, and hyperarousal scores in the high
stress group. Likewise, EPA-related fish intake showed a negative correlation of
plasma EPA level with IES-R total, intrusion, and hyperarousal scores in the high
stress group. To our knowledge, this is the first study that elucidated the relation-
ships of plasma EPA as well as fish intake with PTSD in a community sample who
suffered from a major natural disaster.

The observed inverse correlations of plasma EPA level with IES-R scores in our study
are consistent with the results of Kalinic et al. [11]. Another previous study reported
that EPA and AA levels in the serum were both inversely related to the risk for PTSD in
subjects of post-motor vehicle accident [10]. However, we did not find such an associa-
tion for AA. We found no significant correlation of EPA or fish intake with avoidance
score. One possible reason for this lack of correlation might be that our subjects were
recruited from those who remained to be living in the disaster area and thus people who
could not live the area because of avoidance had not been enrolled in the study.

Although the cross-sectional nature of the study precludes to determine the
causal relationship, our findings raise the possibility that dietary intake or supple-
ment to increase EPA level has a protective effect on the development of PTSD in
severely stressed people. In line, there is some evidence that increase in EPA reduces
the risk of PTSD. Matsuoka et al. examined the effect of DHA/EPA capsules (1
capsule: 320 mg of oil with 70% DHA and 7% EPA, 7 capsules/day) on the develop-
ment of PTSD among Japanese disaster medical assistance team members after the
Great East Japan Earthquake and Tsunami [6]. The DHA/EPA capsules were found
to only slightly reduce PTSD symptoms among female members; however, it had
no effect among male members, suggesting that DHA has no major benefit in the
prevention of PTSD. However, subsequent secondary analyses revealed that eleva-
tion in erythrocyte EPA levels after the supplementation seem to be effective in
alleviation of PTSD symptoms and QOL [8, 9]. These findings are consistent with
our findings that plasma EPA, but not DHA, was associated with PTSD.

In our analyses, plasma EPA level was highly positively correlated with fish intake
of categories 2, 4, 5, and 6, that is, whole-eat fish, dried fish/salted fish, oil-rich
fish, and non-oil-rich fish. This means that eating habits are strongly reflected in
plasma EPA, and taking EPA-correlated fishes may have a beneficial effect. Notably,
the Great East Japan Earthquake and Tsunami caused the Fukushima nuclear power
plant accident. The release of radioactive water from the nuclear power station had a
negative impact upon fish consumption in the adjacent areas, including Kitaibaraki
city, which may have further increased the risk of PTSD.

9
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Accumulating evidence has suggested that inflammation plays an important
role in the pathogenesis of PTSD [3]. The meta-analysis of 20 studies revealed
that PTSD is associated with increased interleukin 6, interleukin 1, TNFa, and
interferon vy levels, suggesting chronic low-grade inflammation as a potential
target or biomarker in PTSD treatment [20]. Recently, our group obtained further
evidence for increased IL-6 in female PTSD patients, most of whom developed the
illness after domestic violence, compared with controls [21]. EPA together with
DHA are capable of inhibiting many aspects of inflammation including leucocyte
chemotaxis, adhesion molecule expression and leucocyte-endothelial adhesive
interactions, production of eicosanoids like prostaglandins and leukotrienes from
the n-6 fatty acid arachidonic acid, and production of pro-inflammatory cytokines
[22]. Local-acting lipid mediators termed resolvins and protectins generated from
EPA and DHA have also been known to resolve inflammation and protect the tissue
[23]. EPA and DHA offer different benefits, and the suppressive effect of EPA on
cytokine production seems to be more pronounced as compared to DHA [24]. EPA
is rapidly oxidized in the brain, and thus, it has a short lifespan [25]. Therefore, the
brain may need a constant supply of EPA to inhibit neuroinflammation.

This study had several limitations. First, we used non-fasting blood samples for
PUFA measurement. However, it has been suggested that fasting is largely unnec-
essary for routine lipid level determinations [26]. Indeed, plasma EPA level well
correlated with recent fish intake (i.e., C2, C4, C5, C6) in our subjects. Second, we
assessed PTSD symptoms by using the IES-R questionnaire rather than a structured
interview by clinicians (e.g., clinician-administered PTSD scale by Blake et al.
[27]). Third, the assessment of food intake was also performed by self-report brief
questionnaire (BDHQ ). Finally, the sample size was small, particularly for the
subjects who experienced high stress (N = 33). Further studies in a larger sample
size will be required to draw more robust results.

5. Conclusion

We examined the association of plasma PUFA levels and dietary fish intake with
the development of PTSD in a population-based sample of 563 women struck by
the Great East Japan Earthquake and Tsunami. Plasma EPA level was higher in the
non-PTSD group than in the PTSD group among individuals with high stress but
not among those with moderate stress. There was a negative correlation of plasma
EPA level with IES-R total, intrusion, and hyperarousal scores in the high stress
group. Similarly, EPA-related fish intake showed a negative correlation of plasma
EPA level with IES-R total, intrusion, and hyperarousal scores in the high stress
group. Taken together, higher plasma EPA level and EPA-increasing fish intake are
associated with lower risk for PTSD in individuals who have experienced severe
stress in a natural disaster. Our findings provide support for the use of nutritional
intervention in preventing and alleviating PTSD.
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