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Serum n-3 polyunsaturated fatty acids and psychological
distress in early pregnancy: Adjunct Study of Japan
Environment and Children's Study
K Hamazaki1, A Harauma2, Y Otaka3, T Moriguchi2,3 and H Inadera1

N-3 polyunsaturated fatty acids (PUFAs), especially long-chain types such as docosahexaenoic acid, are important nutrients in
pregnancy, but the relationship between n-3 PUFA levels and perinatal and postnatal depression remains controversial. This study
examined the possible relationship between serum n-3 PUFA levels and psychological distress among expectant mothers in early
pregnancy. Data and specimen samples were obtained in a birth cohort study started at Toyama Regional Center in July 2012 as an
adjunct study of the Japan Environment and Children’s Study. Blood samples were collected at 9–14 weeks’ gestation (75% of
samples) or after 15 weeks (25%). Subjects with a Kessler Psychological Distress Scale score (K6) ⩾ 9 were assigned to the
psychological distress group (n= 283). The control group (n= 283) was matched for age, educational level and family income. Fatty
acid composition was determined from serum samples by gas chromatography. Associations between fatty acid levels and incident
psychological distress were evaluated by logistic regression. After adjusting for possible confounders, eicosapentaenoic acid
showed an inverse association with risk of psychological distress, with an odds ratio of 0.47 (95% confidence interval: 0.30, 0.73) for
the highest tertile. This inverse association remained even after applying a higher cutoff score (K6 ⩾ 13) indicating severe
psychological distress (74 pairs). We believe this is the first study to reveal the associations between serum n-3 PUFAs and risk of
psychological distress in early pregnancy. Further research is required to verify the causality of these associations.
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INTRODUCTION
N-3 polyunsaturated fatty acids (PUFAs), especially long-chain
types such as docosahexaenoic acid (DHA), are important
nutrients in pregnancy. Because DHA is needed for fetal growth,
maternal DHA levels steadily decline after 18 weeks of gestation
even under normal dietary conditions.1 An animal study has
shown that when dams were fed a DHA-deficient diet, DHA from
their brain was sourced to ensure a sufficient supply of DHA to the
fetus, which served to reduce maternal DHA levels by about 25%
from pregnancy to lactation.2 In a postmortem brain study of
patients with depression and controls, women who had two or
more children showed DHA levels decreased by 35% on average
compared with women who had one child or no children,
regardless of disease state.3 Because DHA has such important
roles in the brain—for example, in serotonergic neurotransmis-
sion, dopaminergic function and regulation of corticotropin-
releasing factor, as reviewed by Freeman et al.4—it has been
hypothesized that if low n-3 PUFA levels are associated with
depression, one reason women are more vulnerable to depression
in pregnancy is due to the depletion in their n-3 fatty acid levels to
support fetal growth.5

Several epidemiological studies have investigated the relation-
ship between n-3 PUFA levels and antenatal and postnatal
depression, but the results remain controversial. Among dietary
studies, a large study from the United Kingdom revealed that
pregnant women who consumed no n-3 PUFAs from fish were

more likely to have high levels of depressive symptoms at
32 weeks of gestation.6 However, when the association was
examined between n-3 PUFA intake at 32 weeks of gestation and
postpartum depression at 2 and 8 months, only postpartum
depression at 2 months showed a weak association. In Denmark, a
very large prospective birth cohort study showed no association
between fish or n-3 PUFA intake during pregnancy and
postpartum depression.7 In Japan, of three studies investigating
the relationship between n-3 PUFA intake and perinatal
depression,8–10 one showed beneficial effects of such intake,9

whereas the others did not.8–10 As for n-3 PUFA levels in blood,
one of these Japanese studies also measured the plasma level of
n-3 PUFAs and found that lower plasma DHA concentration was
significantly associated with prenatal depressive symptoms (in the
second trimester).10 Several studies conducted outside Japan have
investigated the relationship between n-3 PUFA level in blood and
depression in perinatal periods,11–15 but the results have not
clarified the situation as yet.
Japan is well known for its high consumption of fish and

seafood. According to National Health and Nutrition Surveys,
however, consumption has declined over the past decade.16,17 To
date, no studies have reported on a possible relationship between
n-3 PUFA levels in blood and psychological distress in early
pregnancy. In this study, we therefore examined the possible
relationship between serum n-3 PUFA levels and psychological
distress among expectant mothers in early pregnancy.
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MATERIALS AND METHODS
Study population
This birth cohort study began in July 2012 at Toyama Regional Center as an
adjunct study of the Japan Environment and Children’s Study. The Japan
Environment and Children’s Study is a nation-based (government-funded)
birth cohort study that is evaluating the impact of various environmental
factors on children’s health and development. It involves 103 106 parent–
child pairs who were recruited from 15 areas in Japan from January 2011 to
March 2014.18 Toyama prefecture is in Japan’s Hokuriku region and 5584
parent–child pairs were recruited in the prefecture (registered from
February 2011 to March 2014). In this prefecture, because we started the
registration of this adjunct study from July 2012 (1.5 years later), 1722 pairs
were not eligible for the study, and 25 participants declined to register for
this adjunct study. Consequently, 3837 participants agreed to register for
this study. As shown in Figure 1, after applying four exclusion criteria, a
further 1125 subjects were excluded, leaving 2712 participants whose data
were available for this specific study. From these 2712 participants, those
with a Kessler Psychological Distress Scale (K6) score ⩾ 9 were assigned to
the psychological distress group (n= 283). From among the remaining
study participants, we randomly selected 283 control subjects who met the
matching criteria for age (within 1 year), educational background (three
categories) and family income (three categories). Details of the categories
are described in the section on data analysis and statistics. By estimating
the sample size from a previous study,11 we determined that at least 55
case–control pairs were required to ensure adequate power to detect
statistical difference in serum eicosapentaenoic acid (EPA) with an alpha
level of 0.05 (two-tailed) and 80% power.
The protocol of this study was reviewed and approved by the Ministry of

the Environment’s Institutional Review Board on Epidemiological Studies
and by the Ethics Committees of the University of Toyama. Written
informed consent was obtained from all the participating women.

Measurements
Self-administered questionnaires were collected during the first trimester
(first questionnaire) and the second or third trimester (second ques-
tionnaire) and gathered data on demographic factors, physical and mental
health, lifestyle, occupation, environmental exposure, habitation and
socioeconomic status among other factors.19 Information was also
obtained from the medical records on gravidity, related complications,
parity, maternal anthropometry and other factors in the first trimester.19

We selected the following covariates: age, pre-pregnancy body mass index
(BMI), smoking status, occupation, physical activity, marital status,
pregnancy-associated nausea and medication as reported in the first
questionnaire; educational background, family income and alcohol intake
as reported in the second questionnaire; and age (in case of missing data

in the first questionnaire) and parity noted in the medical records for the
first trimester.
The K6 was included in both the first and second questionnaires and the

scale from the former was used for the present study. The K6 was
developed by Kessler and colleagues20 and the Japanese version was
validated by Furukawa and colleagues.21 The K6 is a very short screening
instrument that has good precision in the 90th to 99th percentile range
of the population distribution and consistent psychometric properties
across major sociodemographic subsamples.20 The items in the K6 ask
participants how frequently they experienced symptoms of psychological
distress (for example, feeling so sad that nothing can cheer you up) during
the past 30 days. Responses are recorded on a five-point scale (4 = all the
time, 3 =most of the time, 2 = some of the time, 1 = a little of the time and
0= none of the time), for a score range of 0–24. We defined a K6 score ⩾ 9
as indicative of psychological distress, which was the cutoff used in
previous studies.22,23 A validation study-estimated sensitivity and specifi-
city were 77.8 and 86.4 in the Japanese population when using this cutoff
to identify subjects at high risk of mood or anxiety disorders, diagnosed
according to the criteria of the Diagnostic and Statistical Manual of Mental
Disorders, fourth edition.24 We also exploratorily used a higher cutoff of
K6⩾ 13, indicating severe psychological distress,25 as this has been
suggested the optimal cutoff to equalize false-positive and false-negative
results.26 In this case, because the present study was originally designed to
use the cutoff score of 8/9, the matching control group for the severe
psychological distress group (K6⩾ 13) does not cover the score between 9
and 12, eventually resulting in a cutoff of K6⩽ 8 for the control group.

Fatty acid analysis
Blood samples. Non-fasting blood samples were collected and after the
biochemical measurements were made, the residual serum samples were
kept at − 80 °C until analysis. Seventy-five percent of the samples were
collected at 9–14 weeks of gestation and the remaining 25% were
collected after 15 weeks.

Lipid extraction and methylation. The transmethylation method devel-
oped by Lepage and Roy was used.27 Briefly, plasma (100 μl) and
tricosanoate methyl ester (20 μg; 23:0 methyl ester) as an internal standard
were added to a 13 mm×100 mm screw cap test tube with 2 ml
methanol/hexane (4:1, v/v) solvent containing 50 μg ml− 1 butylhydrox-
ytoluene as an aid to prevent lipid oxidation during the procedures. The
sample tubes were placed on ice. Two hundred microliters of acetylchlor-
ide was added to each sample and vortexed. The air in the sample tubes
was replaced with nitrogen, and the tubes were capped and heated for 1 h
at 100 °C for lipid extraction and methylation. The sample tubes were then
cooled rapidly, shaken with 5 ml of 6% potassium carbonate solution and

Figure 1. Flow diagram of the recruitment and exclusion process for pregnant women in the study.
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centrifuged at 2200 g at 4 °C for 15 min. The hexane layer (supernatant)
was transferred to a micro vial for analysis by gas chromatography.

Gas chromatography. Fatty acid methyl esters were analyzed with an
Agilent 7890 A gas chromatograph (Agilent Technologies, Santa Clara, CA,
USA) equipped with a split injector and an Agilent 7693 ALS automatic
liquid sampler, and were detected using a flame ionization detector.
Agilent ChemStation software (Rev. B.04.01. SP1, Agilent Technologies) was
used to control the instrument and collect the data. The column was a DB-
FFAP (15 m×0.10 mm inner diameter; 0.10-μm film thickness; J&W
Scientific, Agilent Technologies). The detector and injector temperatures
were set at 250 °C. The oven temperature program was initiated at 150 °C
with a 0.25-min hold, and then ramped at 35 °C min− 1 to 200 °C; then
8 °C min− 1 to 225 °C with a 3.2-min hold; and finally ramped at 80 °C min− 1

to 248 °C with a 14.7-min hold. Hydrogen was used as the carrier gas at a
linear velocity of 56 cm s− 1.28 A custom-mixed, 28-component, quantitative
methyl ester standard containing compounds with 10–24 carbons and zero
to six double bonds was used for assignment of retention times to ensure
accurate quantification (Nu-Chek Prep 462, Elysian, MN, USA). Fatty acid
content was expressed as a percentage of total peak area, which was
shown to correspond to weight percent (below 5%) by the quantitative
standard mixture. The internal standard was used to calculate fatty acid
concentration in serum. The minimum value of quantification for fatty acid
measurement was set to 0.01% of total fatty acids. Researchers (YO, AH and
TM) measuring the fatty acids were blinded to group allocation (case vs
control) until after the fatty acid data were determined.

Data analysis and statistics
Smoking status was classified as never smoker, ex-smoker who stopped
before learning of pregnancy, ex-smoker who stopped on learning of
pregnancy or current smoker. Alcohol intake was classified as never
drinker, ex-drinker who stopped before learning of pregnancy, ex-drinker
who stopped on learning of pregnancy or current drinker. For the 11
instances of missing data for alcohol intake in the second questionnaire
(second or third trimester), data from the first questionnaire (first trimester)
were substituted. Because the first questionnaire offered only three
categories for alcohol intake (never drank, ex-drinker, current drinker),
we allocated ‘ex-drinker’ as ‘ex-drinker who stopped on learning of
pregnancy’. ‘Occupation’ (working or not) was categorized as yes or no.
Educational background was categorized as graduated from junior high or
high school, graduated from junior/technical college or graduated from
university/higher educational institution. For six subjects who did not
respond about educational background, we matched each with a control
subject who similarly did not respond. Family income was categorized into
o4 million, 4 million–6 million or 46 million Japanese Yen per year. For
27 subjects who did not respond to this question, again we matched each
with a control subject who similarly did not respond. Parity was
categorized as 0 or ⩾ 1. We defined ‘medication’ as any medicine taken
(not including supplements) after learning of pregnancy (yes or no).
Physical activity was defined as walking for at least 10 min continuously
per week (yes or no). Marital status was categorized as married (including
de facto relationship), never married or divorced. Data were missing for
height in one instance and for weight in five instances in the first

Table 1. Characteristics of study participants

Cases (n= 283) Controls (n= 283)

Age (year) 31.5± 5.0 31.5± 4.9 Matching
Educational background Matching
Graduated from junior high or high school 76 76
Graduated from junior/technical college 135 135
Graduated form university/higher educational institution 66 66

Family income (Japanese Yen per year) Matching
o4 million 80 80
4 million–6 million 93 93
46 million 83 83

Smoking status P= 0.40
Never smoker 168 186
Ex-smoker who stopped before learning of pregnancy 62 54
Ex-smoker who stopped on learning of pregnancy 45 37
Current smoker 8 5

Pre-pregnancy body mass index 20.8± 3.0 20.8± 3.1 P= 0.99
Occupation (yes/no) 217/61 216/59 P= 0.89
Parity of ⩾ 1 (yes/no) 131/152 135/148 P= 0.74
Physical activity (yes/no) 210/69 202/80 P= 0.33
Marital status P= 0.70
Married (including de facto) 271 271
Never married 7 10
Divorced 3 2

Alcohol intake P= 0.26
Never drinker 89 106
Ex-drinker who stopped before learning of pregnancy 37 42
Ex-drinker who stopped on learning of pregnancy 150 130
Current drinker 7 4

Pregnancy-associated nausea P= 0.0002
Never 21 45
Only nausea 109 120
Suffering from vomiting but able to eat 89 83
Not able to eat 60 30

Taking medication (yes/no) 78/205 68/215 P= 0.52

P-value: chi-square test for categorical variables and t-test for continuous variables.
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questionnaire (first trimester) and data from the medical records were
substituted. Age and pre-pregnancy BMI was used as a continuous
variable. For the missing data that we could not substitute, we added the
extra category of missingness for the variable for imputation. These
imputations were used only for adjustment in regression analysis.
Data are expressed as means± s.d. or median (0.25, 0.75) unless stated

otherwise. In descriptive analyses, differences in categorical and contin-
uous variables among cases and controls were tested using the chi-square
test and t-test, respectively. The Komogorov–Smirnov statistics showed
that the fatty acids were not normally distributed, so the confidence band
(0.25, 0.75) is shown and the Mann–Whitney U-test was used for analyzing
these data.
To estimate the risk of psychological distress for each plasma fatty acid

level, we categorized the participants according to the tertile distributions
of fatty acid levels in controls. We then performed logistic regression
analysis to calculate crude odds ratios (ORs) and 95% confidence intervals.
Multiple logistic regression analysis was used to control for the following
potential confounding factors: parity, smoking status, alcohol intake, pre-
pregnancy BMI, medication, occupation, physical activity, marital status
and having pregnancy-associated nausea. Tests for trend involved
assigning categorical numbers in their fatty acid tertile and evaluating
this as a continuous variable. Two-sided P-values less than 0.05 were
considered to indicate statistical significance. Data were analyzed using
statistical software, SPSS version 19.0 (IBM Japan, Tokyo, Japan).

RESULTS
Baseline characteristics of cases and controls are shown in Table 1.
Besides the matching factors (age, educational background and

family income), no significant differences were seen between the
two groups in relation to smoking status, pre-pregnancy BMI,
occupation, parity, physical activity, marital status, alcohol intake
and medication. A significant difference was seen, however, for
pregnancy-associated nausea; women with psychological distress
had a higher rate than those without.
Table 2 shows comparisons of the serum fatty acid composition.

Women with psychological distress were more likely to have
lower levels of stearic acid (18:0). As for PUFAs, women with
psychological distress had lower levels of EPA (20:5 n-3),
docosapentaenoic acid (22:5 n-3), and total n-3 PUFAs than
controls. DHA did not differ significantly between the two groups.
Mean± s.d. data are included in Supplementary Table 1.
Table 3 shows the crude and multivariable ORs for psycholo-

gical distress and 95% confidence intervals according to the
tertiles for n-3 PUFAs. EPA was the only fatty acid in the crude
models that showed significant ORs in the highest tertile
compared with the lowest tertile. The trend test for this fatty
acid was also significant. Furthermore, multivariable ORs that were
adjusted for nine confounding factors (parity, smoking status,
alcohol intake, pre-pregnancy BMI, medication, occupation,
physical activity, marital status and pregnancy-associated nausea)
also showed significance either in ORs of the highest vs the lowest
tertile or in the trend tests. Stearic acid (18:0) showed no
significant ORs in the highest tertile compared with the lowest.
When the higher cutoff score of K6⩾ 13 was applied, the case–

control pairs were reduced to 74. The ORs and 95% confidence

Table 2. Serum fatty acid compositions of cases and controls

Cases (n=283) Controls (n= 283) P-value

Median (0.25, 0.75) Median (0.25, 0.75)

Saturated fatty acids
Myristic acid 14:0 0.90 (0.67, 1.23) 0.88 (0.65, 1.23) 0.84
Palmitic acid 16:0 22.51 (20.82, 24.57) 22.57 (20.70, 24.98) 0.20
Stearic acid 18:0 6.90 (6.22, 7.54) 6.99 (6.34, 7.80) 0.045
Arachidic acid 20:0 0.30 (0.25, 0.35) 0.31 (0.26, 0.35) 0.30
Behenic acid 22:0 0.67 (0.57, 0.79) 0.70 (0.59, 0.81) 0.12
Lignoceric acid 24:0 0.55 (0.45, 0.65) 0.56 (0.47, 0.67) 0.15
Total saturated fatty acids 34.49 (32.88, 36.41) 34.97 (32.87, 37.03) 0.11

Mono-unsaturated fatty acids
Palmitoleic acid 16:1 n-7 1.40 (1.12, 1.84) 1.32 (1.08, 1.77) 0.08
Hexadecenoic 16:1 n-9 0.68 (0.49, 0.86) 0.65 (0.45, 0.84) 0.29
Vaccenic acid 18:1 n-7 1.79 (1.62, 2.00) 1.76 (1.60, 1.90) 0.07
Oleic acid 18:1 n-9 16.95 (15.31, 18.61) 16.78 (15.16, 18.68) 0.52
Gondoic acid 20:1 n-9 0.21 (0.17, 0.26) 0.21 (0.18, 0.26) 0.65
Erucic acid 22:1 n-9 0.79 (0.00, 1.31) 0.74 (0.00, 1.26) 0.27
Nervonic acid 24:1 n-9 1.56 (1.35, 1.80) 1.59 (1.42, 1.80) 0.17
Total mono-unsaturated fatty acids 23.75 (22.23, 25.42) 23.49 (21.76, 25.16) 0.11

n-6 polyunsaturated fatty acids
Linoleic acid 18:2 n-6 20.30 (17.58, 23.30) 20.70 (17.77, 23.22) 0.49
Eicosadienoic acid 20:2 n-6 0.25 (0.21, 0.29) 0.26 (0.22, 0.29) 0.42
Dihomo-γ-linolenic acid 20:3 n-6 1.19 (0.89, 1.42) 1.17 (0.96, 1.43) 0.32
Arachidonic acid 20:4 n-6 5.80 (5.10, 6.54) 5.86 (5.21, 6.58) 0.22
Total n-6 polyunsaturated fatty acids 28.02 (24.75, 30.96) 28.24 (25.99, 31.33) 0.34

n-3 polyunsaturated fatty acids
α-Linolenic acid 18:3 n-3 0.64 (0.51, 0.81) 0.65 (0.52, 0.82) 0.81
Eicosapentaenoic acid 20:5 n-3 0.53 (0.41, 0.79) 0.62 (0.46, 0.94) 0.001
Docosapentaenoic acid 22:5 n-3 0.42 (0.33, 0.53) 0.45 (0.37, 0.56) 0.02
Docosahexaenoic acid 22:6 n-3 3.39 (2.73, 4.06) 3.56 (2.95, 4.09) 0.09
Total n-3 polyunsaturated fatty acids 5.26 (4.34, 6.15) 5.50 (4.57, 6.43) 0.045

n-6/n-3 5.29 (4.49, 6.44) 5.25 (4.37, 6.19) 0.26

P-value: Mann–Whitney U-test.
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interval for psychological distress after adjusting for the nine
confounding factors were 0.95 (0.97–2.475) for the second level
and 0.30 (0.10–0.90) for the third level of EPA (P= 0.04 for trend;
Supplementary Table 2).

DISCUSSION
To our knowledge, this is the first study to report associations
between serum n-3 PUFAs and risk of psychological distress in early
pregnancy. Trend testing showed that serum EPA, but not
docosapentaenoic acid and DHA, had significant inverse associa-
tions with ORs for psychological distress. We also found that
women with psychological distress had a higher rate of pregnancy-
associated nausea. This relationship persisted after adjusting for the
nausea and other factors as covariates, indicating that lower EPA
was independently associated with psychological distress.
In regard to the dietary intake of fish and/or n-3 fatty acids in

Japan, Miyake et al.8 were the first to examine the risk of postpartum
depression in a large-scale prospective study conducted in Osaka;
however, no clear inverse associations were found. Later, the same
group conducted a cross-sectional study of pregnant Japanese
women in Kyushu and Okinawa (mean gestation, 18.5 weeks) and
found that higher intake levels of fish, EPA and DHA were
independently associated with a lower prevalence of depressive
symptoms.9 Recently, when Shiraishi et al.10 examined the dietary
intake of EPA and DHA in another cross-sectional study of pregnant
Japanese women at an urban university hospital in Tokyo, they
found no beneficial effects of n-3 PUFA intake on depressive
symptoms.10 It is not clear why some studies have shown beneficial
effects of n-3 PUFA intake on depressive symptoms, whereas other
studies have shown no effects. Reasons could include different
sample sizes, different periods when depressive symptoms were
assessed (prenatal vs postpartum), the screening tools used and the
study location (urban vs rural).
In regard to n-3 PUFA levels in tissues (blood), to date, among

the Japanese studies mentioned above, only the most recent one

by Shiraishi et al.10 also investigated the relationship between
serum n-3 PUFA levels and depressive symptoms in pregnant
Japanese women in the second trimester. They found that lower
plasma concentration of DHA, but not EPA, was significantly
associated with prenatal depressive symptoms.10 However, as the
authors discussed, the largest limitation of their study was
statistical power. Only 19 participants (5.8%) of 329 had depressive
symptoms, making it impossible to adjust for other factors
potentially related to depressive symptoms in their analysis. A
rather small study from Belgium reported that levels of n-3 PUFAs
in serum phospholipids and cholesteryl esters after delivery were
significantly lower in the group of mothers who developed
postpartum depression than in the group who did not.11 A study
from Norway found a negative association between erythrocyte
DHA and docosapentaenoic acid in late pregnancy and depression
score at 3 months postpartum,12 while another from the United
Kingdom found a weak positive association between erythrocyte
EPA and perinatal onset depression.13 A large study from Australia
found slight associations of lower erythrocyte n-3 PUFAs, lower
erythrocyte EPA and higher erythrocyte omega-6 with postnatal
depression determined by the Edinburgh Postnatal Depression
Scale but not with postnatal depression diagnosed according to
DSM criteria.14 A recent large study reported from Singapore
revealed that plasma long-chain PUFA levels measured at 26–
28 weeks of gestation were not associated with depression during
the same period or at 3 months postpartum.15 Again, there is no
clear explanation for these discrepancies. Perhaps, besides the
factors of assessment period, screening tools and study location
mentioned above, the part of the blood measured could be
another factor to consider, given that erythrocytes usually show a
longer turn-over of fatty acids than serum and plasma do.29

Interestingly, in this study, EPA had a stronger effect on
psychological distress than DHA did. Several meta-analyses of
clinical trials revealed that EPA is more effective for depression30

than DHA is. When meta-analysis is restricted to perinatal
depression (seven trials),31 n-3 supplementation is not significantly
more effective than placebo. The only study reporting positive
findings32 used 2.2 g of EPA and 1.2 g of DHA daily (the highest
ratio of EPA), suggesting that a high dose of EPA might also be
important in perinatal depression. Why EPA is more effective for
depression than DHA is not clear. One plausible explanation is that
EPA, but not DHA, is an important substrate for cyclooxygenase
and can compete with arachidonic acid, which produces pro-
inflammatory eicosanoids,33 and depression is known to be
associated with neuroinflammation.34

The pathophysiology of lower serum n-3 PUFAs associated with
depressive symptoms in pregnant Japanese women is not fully
understood. In rats, Olsson et al.35 reported that a diet low in n-3
fatty acids decreased serotonin and 5-hydroxyindole acetic acid
concentrations, while Delion et al.36 found an association between
n-3 fatty acid deficiency and significant elevations in cortical
serotonin 5-HT2A receptor binding density. In a postmortem brain
study, McKeith et al.37 suggested an increase in 5-HT2 receptor
binding in major affective disorder as a possible pathophysiolo-
gical mechanism.
The strengths of this study were that it was conducted in early

pregnancy, a period not reported on previously, and it used the K6
Scale, which has been validated for use in normal populations for
the screening of psychological distress and is widely used in
Japan. In addition, the sample size was large enough to avoid a
lack of statistical power.
The study also has several limitations. First, because of its cross-

sectional design, we were not able to clarify causality. Second, the
results of the study may not reflect the situation for all Japanese
pregnant women because the sample was drawn from one
prefecture of Japan only. Third, because high serum n-3 PUFA
levels reflect regular fish consumption, which is perhaps a global
marker of a healthy and varied diet, unmeasured residual factors

Table 3. Odds ratios (95% confidence intervals) for psychological
distress (K6 score ⩾ 9) according to tertile of n-3 polyunsaturated fatty
acids in women in early pregnancy

Tertile of fatty acids P for trend

1 (Low) 2 3 (High)

Eicosapentaenoic acid 20:5 n-3
Range o0.518 0.518–0.832 40.832
Case 133 86 64
Control 95 94 94
Model 1a 1.00 0.65 (0.44–0.97) 0.49 (0.32–0.73) 0.0005
Model 2b 1.00 0.67 (0.44–1.02) 0.47 (0.30–0.73) 0.0007

Docosapentaenoic acid 22:5 n-3
Range o0.399 0.399–0.518 40.518
Case 112 93 78
Control 95 94 94
Model 1a 1.00 0.84 (0.56–1.25) 0.70 (0.47–1.06) 0.09
Model 2b 1.00 0.91 (0.60–1.37) 0.73 (0.48–1.13) 0.16

Docosahexaenoic acid 22:6 n-3
Range o3.13 3.13–3.92 43.92
Case 103 97 83
Control 95 94 94
Model 1a 1.00 0.95 (0.64–1.42) 0.81 (0.54–1.22) 0.9
Model 2b 1.00 0.97 (0.64–1.47) 0.79 (0.52–1.22) 0.29

aCrude data. bMultivariable models were adjusted for parity, smoking
status, alcohol intake, body mass index, medication, occupation, physical
activity, marital status and having pregnancy-associated nausea.
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might have confounded the results. Fourth, we excluded pregnant
women who were diagnosed with depression or anxiety or who
took anxiolytics or antidepressants (n= 167). This exclusion
might have weakened the association between serum n-3 PUFA
levels and the prevalence of psychological distress because a
meta-analysis has shown that studies using DSM-defined major
depressive disorder found larger differences in serum n-3 PUFA
levels than studies not using DSM criteria.38 This is supported by
the fact that ORs were smaller in the present study when using the
cutoff score of 13 than when using the cutoff score of 9 (0.30 vs
0.45). Last, we measured fatty acid composition of serum total
lipids, 50% of which were triglycerides. Triglycerides have been
reported to represent dietary intake from preceding days.29

Furthermore, because the samples were collected in a non-fasted
state and no information was available on meals before the blood
draw (which is known to have more effect on the biological
variability of fatty acids in serum than in erythrocytes39), this might
also confound the relationship between serum n-3 PUFA levels
and the prevalence of psychological distress. If we had used
erythrocyte membranes for fatty acid analysis, which show a
longer turn-over than serum does, we might have seen a stronger
association.
In conclusion, we found that EPA was inversely associated with

the risk of psychological distress in early pregnancy. Although the
higher rate of pregnancy-associated nausea was prevalent in
women with psychological distress, adjusting for this factor as a
covariate did not change these associations. The causality of these
associations should be verified in further research, such as cohort
studies and/or intervention studies.

CONFLICT OF INTEREST
KH received a grant from the Japan Society for the Promotion of Science, consultant
fees from Polyene Project, scholarship donations from Otsuka Pharmaceutical and
speaker fees from DHA and EPA Association. The laboratory of AH and TM is
supported by Nippon Suisan Kaisha. The remaining authors declare no conflict of
interest.

ACKNOWLEDGMENTS
This work was supported by an intramural research grant (27–3) for Neurological and
Psychiatric Disorders from National Center of Neurology and Psychiatry, Japan. This
Adjunct Study was conducted in Toyama Regional Center as a part of Japan
Environment and Children's Study of the Ministry of the Environment, Government of
Japan. The findings and conclusions of this article are solely the responsibility of the
authors and do not represent the official views of the above government.

REFERENCES
1 Al MD, van Houwelingen AC, Kester AD, Hasaart TH, de Jong AE, Hornstra G.

Maternal essential fatty acid patterns during normal pregnancy and their rela-
tionship to the neonatal essential fatty acid status. Br J Nutr 1995; 74: 55–68.

2 Levant B, Radel JD, Carlson SE. Reduced brain DHA content after a single repro-
ductive cycle in female rats fed a diet deficient in N-3 polyunsaturated fatty acids.
Biol Psychiatry 2006; 60: 987–990.

3 McNamara RK, Hahn CG, Jandacek R, Rider T, Tso P, Stanford KE et al. 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.

4 Freeman MP, Hibbeln JR, Wisner KL, Davis JM, Mischoulon D, Peet M et al. Omega-
3 fatty acids: evidence basis for treatment and future research in psychiatry. J Clin
Psychiatry 2006; 67: 1954–1967.

5 Rees AM, Austin MP, Parker G. Role of omega-3 fatty acids as a treatment for
depression in the perinatal period. Aust N Z J Psychiatry 2005; 39: 274–280.

6 Golding J, Steer C, Emmett P, Davis JM, Hibbeln JR. High levels of depressive
symptoms in pregnancy with low omega-3 fatty acid intake from fish. Epide-
miology 2009; 20: 598–603.

7 Strøm M, Mortensen EL, Halldorsson TI, Thorsdottir I, Olsen SF. Fish and long-
chain n-3 polyunsaturated fatty acid intakes during pregnancy and risk of post-
partum depression: a prospective study based on a large national birth cohort.
Am J Clin Nutr 2009; 90: 149–155.

8 Miyake Y, Sasaki S, Yokoyama T, Tanaka K, Ohya Y, Fukushima W et al.
Risk of postpartum depression in relation to dietary fish and fat intake
in Japan: the Osaka Maternal and Child Health Study. Psychol Med 2006; 36:
1727–1735.

9 Miyake Y, Tanaka K, Okubo H, Sasaki S, Arakawa M. Fish and fat intake and
prevalence of depressive symptoms during pregnancy in Japan: baseline data
from the Kyushu Okinawa Maternal and Child Health Study. J Psychiatr Res 2013;
47: 572–578.

10 Shiraishi M, Matsuzaki M, Yatsuki Y, Murayama R, Severinsson E, Haruna M.
Associations of dietary intake and plasma concentrations of eicosapentaenoic and
docosahexaenoic acid with prenatal depressive symptoms in Japan. Nurs Health
Sci 2015; 17: 257–262.

11 De Vriese SR, Christophe AB, Maes M. Lowered serum n-3 polyunsaturated fatty
acid (PUFA) levels predict the occurrence of postpartum depression: further
evidence that lowered n-PUFAs are related to major depression. Life Sci 2003; 73:
3181–3187.

12 Markhus MW, Skotheim S, Graff IE, Froyland L, Braarud HC, Stormark KM et al. Low
omega-3 index in pregnancy is a possible biological risk factor for postpartum
depression. PLoS One 2013; 8: e67617.

13 Sallis H, Steer C, Paternoster L, Davey Smith G, Evans J. Perinatal depression and
omega-3 fatty acids: a Mendelian randomisation study. J Affect Disord 2014; 166:
124–131.

14 Parker G, Hegarty B, Granville-Smith I, Ho J, Paterson A, Gokiert A et al. Is essential
fatty acid status in late pregnancy predictive of post-natal depression? Acta
Psychiatr Scand 2015; 131: 148–156.

15 Chong MF, Ong YL, Calder PC, Colega M, Wong JX, Tan CS et al. Long-chain
polyunsaturated fatty acid status during pregnancy and maternal mental health
in pregnancy and the postpartum period: results from the Gusto Study. J Clin
Psychiatry 2015; 76: e848–e856.

16 Ministry of Health, Labour and Welfare, National Health and Nutrition Survey
2003. http://www.mhlw.go.jp/bunya/kenkou/eiyou-chosa2-01/index.html. Acces-
sed on 29 September 2015.

17 Ministry of Health, Labour and Welfare, National Health and Nutrition Survey
2012. http://www.mhlw.go.jp/bunya/kenkou/eiyou/h24-houkoku.html. Accessed
on 29 September 2015.

18 Kawamoto T, Nitta H, Murata K, Toda E, Tsukamoto N, Hasegawa M et al. Rationale
and study design of the Japan environment and children's study (JECS). BMC
Public Health 2014; 14: 25.

19 Michikawa T, Nitta H, Nakayama SF, Ono M, Yonemoto J, Tamura K et al. The
Japan Environment and Children's Study (JECS): a preliminary report on selected
characteristics of approximately 10,000 pregnant women recruited during the
first year of the study. J Epidemiol 2015; 25: 452–458.

20 Kessler RC, Andrews G, Colpe LJ, Hiripi E, Mroczek DK, Normand SL et al. Short
screening scales to monitor population prevalences and trends in non-specific
psychological distress. Psychol Med 2002; 32: 959–976.

21 Furukawa TA, Kawakami N, Saitoh M, Ono Y, Nakane Y, Nakamura Y et al. The
performance of the Japanese version of the K6 and K10 in the World Mental
Health Survey Japan. Int J Methods Psychiatr Res 2008; 17: 152–158.

22 Takaki J, Hibino Y. Family-related opinions and stressful situations associated with
psychological distress in women undergoing infertility treatment. Int J Environ Res
Public Health 2014; 11: 9068–9081.

23 Miyaki K, Song Y, Htun NC, Tsutsumi A, Hashimoto H, Kawakami N et al. Folate
intake and depressive symptoms in Japanese workers considering SES and job
stress factors: J-HOPE study. BMC Psychiatry 2012; 12: 33.

24 Kawakami N, Kondo K, Yanagida K, Furukawa T. Health and Labour Sciences
Research Grant, ‘Study of mental health for prevention of suicide among adults:
Research on suicide prevention based on trends’ (in Japanese), Report of fiscal
year Heisei 16, 2005. http://ikiru.ncnp.go.jp/report/ueda16/ueda16-8.pdf. Acces-
sed 20 November 2015.

25 Sakurai K, Nishi A, Kondo K, Yanagida K, Kawakami N. Screening performance of
K6/K10 and other screening instruments for mood and anxiety disorders in Japan.
Psychiatry Clin Neurosci 2011; 65: 434–441.

26 Kessler RC, Barker PR, Colpe LJ, Epstein JF, Gfroerer JC, Hiripi E et al. Screening for
serious mental illness in the general population. Arch Gen Psychiatry 2003; 60:
184–189.

27 Lepage G, Roy CC. Direct transesterification of all classes of lipids in a one-step
reaction. J Lipid Res 1986; 27: 114–120.

28 Masood A, Stark KD, Salem N Jr. A simplified and efficient method for the analysis
of fatty acid methyl esters suitable for large clinical studies. J Lipid Res 2005; 46:
2299–2305.

29 Hodson L, Skeaff CM, Fielding BA. Fatty acid composition of adipose tissue and
blood in humans and its use as a biomarker of dietary intake. Prog Lipid Res 2008;
47: 348–380.

30 Martins JG, Bentsen H, Puri BK. Eicosapentaenoic acid appears to be the key
omega-3 fatty acid component associated with efficacy in major depressive

Serum n-3 PUFAs and psychological distress
K Hamazaki et al

6

Translational Psychiatry (2016), 1 – 7

http://www.mhlw.go.jp/bunya/kenkou/eiyou-chosa2-01/index.html
http://www.mhlw.go.jp/bunya/kenkou/eiyou/h24-houkoku.html
http://ikiru.ncnp.go.jp/report/ueda16/ueda16-8.pdf


disorder: a critique of Bloch and Hannestad and updated meta-analysis. Mol
Psychiatry 2012; 17: 1144–1149.

31 Jans LA, Giltay EJ, Van der Does AJ. The efficacy of n-3 fatty acids DHA and EPA
(fish oil) for perinatal depression. Br J Nutr 2010; 104: 1577–1585.

32 Su KP, Huang SY, Chiu TH, Huang KC, Huang CL, Chang HC et al. Omega-3 fatty
acids for major depressive disorder during pregnancy: results from a randomized,
double-blind, placebo-controlled trial. J Clin Psychiatry 2008; 69: 644–651.

33 Simopoulos AP. Omega-3 fatty acids in inflammation and autoimmune diseases.
J Am Coll Nutr 2002; 21: 495–505.

34 Furtado M, Katzman MA. Examining the role of neuroinflammation in major
depression. Psychiatry Res 2015; 229: 27–36.

35 Olsson NU, Shoaf SE, Salem N Jr. The effect of dietary polyunsaturated fatty acids
and alcohol on neurotransmitters levels in rat brain. Nutr Neurosci 1998; 1:
133–140.

36 Delion S, Chalon S, Guilloteau D, Besnard JC, Durand G. alpha-Linolenic acid
dietary deficiency alters age-related changes of dopaminergic and serotoninergic
neurotransmission in the rat frontal cortex. J Neurochem 1996; 66: 1582–1591.

37 McKeith IG, Marshall EF, Ferrier IN, Armstrong MM, Kennedy WN, Perry RH et al.
5-HT receptor binding in post-mortem brain from patients with affective disorder.
J Affect Disord 1987; 13: 67–74.

38 Lin PY, Huang SY, Su KP. A meta-analytic review of polyunsaturated
fatty acid compositions in patients with depression. Biol Psychiatry 2010; 68:
140–147.

39 Harris WS, Thomas RM. Biological variability of blood omega-3 biomarkers. Clin
Biochem 2010; 43: 338–340.

This work is licensed under a Creative Commons Attribution 4.0
International License. The images or other third party material in this

article are included in the article’s Creative Commons license, unless indicated
otherwise in the credit line; if the material is not included under the Creative Commons
license, users will need to obtain permission from the license holder to reproduce the
material. To view a copy of this license, visit http://creativecommons.org/licenses/
by/4.0/

Supplementary Information accompanies the paper on the Translational Psychiatry website (http://www.nature.com/tp)

Serum n-3 PUFAs and psychological distress
K Hamazaki et al

7

Translational Psychiatry (2016), 1 – 7

http://creativecommons.org/licenses/by/�4.0/
http://creativecommons.org/licenses/by/�4.0/

	Serum n-�3 polyunsaturated fatty acids and psychological distress in early pregnancy: Adjunct Study of Japan Environment and Children&#x00027;s�Study
	Introduction
	Materials and methods
	Study population
	Measurements
	Fatty acid analysis
	Blood samples
	Lipid extraction and methylation


	Figure 1 Flow diagram of the recruitment and exclusion process for pregnant women in the�study.
	Outline placeholder
	Gas chromatography

	Data analysis and statistics

	Table 1 Characteristics of study participants
	Results
	Table 2 Serum fatty acid compositions of cases and controls
	Discussion
	Table 3 Odds ratios (95% confidence intervals) for psychological distress (K6 score &#x02A7E;�9) according to tertile of n-�3 polyunsaturated fatty acids in women in early pregnancy
	This work was supported by an intramural research grant (27&#x02013;3) for Neurological and Psychiatric Disorders from National Center of Neurology and Psychiatry, Japan. This Adjunct Study was conducted in Toyama Regional Center as a part of Japan Enviro
	This work was supported by an intramural research grant (27&#x02013;3) for Neurological and Psychiatric Disorders from National Center of Neurology and Psychiatry, Japan. This Adjunct Study was conducted in Toyama Regional Center as a part of Japan Enviro
	ACKNOWLEDGEMENTS
	REFERENCES




