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ABSTRACT

Objective: This study aimed to investigate whether depressive symptoms at postpartum are asso-
ciated with oxidative stress and antioxidant activity, as well as the symptoms during pregnancy.
Methods: This longitudinal study enrolled 84 women in their second trimester of pregnancy.
Their depressive symptoms were assessed using Edinburgh postnatal depression scale (EPDS),
and their oxidative stress and antioxidant activity were assessed using reactive oxygen metabo-
lites/8-hydroxy-2'-deoxyguanosine and biological antioxidant potential (BAP) at around 26 and
36 weeks (time points 1 and 2) of gestation, and 3-6days and 1 month (time points 3 and 4)
postpartum. We evaluated the associations between EPDS at time point 4 and various parame-
ters at the other time points.

Results: Multiple regression analysis revealed that EPDS at time point 1 (adjusted odds ratio:
1.06 per 0.1 point increase; 95% confidence interval [Cl]: 1.03-1.11) and BAP at time point 3
(adjusted odds ratio: 0.93 per 10 umol/L increase; 95% Cl: 0.87-0.97) were independent predic-
tors of EPDS at time point 4.

Conclusion: Depressive symptoms at the second trimester of pregnancy and the antioxidant
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activity immediately after delivery could predict postpartum depression.

TRIAL REGISTRATION: UMIN-CTR UMIN000022367

Introduction

Postpartum depression (PPD) is a type of mood dis-
order associated with childbirth. The prevalence of
PPD varies depending on the definition of the disorder
and diagnostic tools, and a review showed that it dif-
fers between 0.5 and 60% among countries [1]. In
Japan, the incidence rates of mental disorders-llI-
revised (DSM-III-R) major depressive episode during
pregnancy and within 3 months after delivery are 5.6
and 5.0%, respectively [2]. PPD has negative effects on
raising children and can lead to maternal suicide; it
also has consequences on the child’s development. A
systematic review revealed that the health of
infants and children is closely associated with the
health of their mothers and that maternal PPD
decreases the quality of the home environment,
maternal sensitivity and caregiving [3]. While the exact
cause of PPD is unclear, it is believed to be a combin-
ation of physical and emotional factors, including

hormonal changes [4], sleep deprivation [5] and past
history of depression [6].

Many middle-aged women suffer from various
menopausal symptoms, including depression. We pre-
viously demonstrated that depressive symptoms in
middle-aged women are associated with oxidative
stress [7]. PPD and perimenopausal depression are
related to each other. For example, the history of PPD
has been demonstrated to be associated with subse-
quent perimenopausal depression [8]. Furthermore,
perinatal women experience drastic changes in their
hormones and environments, which are also common
in the perimenopausal period. These similarities raise
the possibility that PPD may be also associated with
oxidative stress.

This study aimed to investigate whether postpar-
tum depressive symptoms are associated with oxida-
tive stress and antioxidant activity, as well as the
symptoms during pregnancy. It also aimed to
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determine parameters that are useful for the predic-
tion of postpartum depressive symptoms.

Materials and methods
Design

This prospective analysis was conducted at the
Department of Perinatal and Women’s Medicine of
Tokyo Medical and Dental University Hospital between
October 2016 and December 2018. We included preg-
nant women who came to our hospital before
24 weeks of gestation. The exclusion criteria were as
follows: refusal to give informed consent and not giv-
ing birth at our hospital. The study protocol was
reviewed and approved by the Tokyo Medical and
Dental University Review Board, and written informed
consent was obtained from all participants. The study
was conducted in accordance with the Declaration of
Helsinki [9].

Protocol

At the enrollment, age, body composition, past med-
ical history, complications that require a hospital visit,
and lifestyle factors, such as working, exercising regu-
larly, smoking and drinking alcohol, were evaluated. At
around 26 weeks (time point 1) and 36 weeks (time
point 2) of gestation, and 3-6days (time point 3) and
1month (time point 4) after delivery, we assessed
body composition, psychological symptoms, sleep dis-
order, oxidative stress markers and antioxidant activ-
ity marker.

Measures

Depressive symptoms were assessed using the
Edinburgh postnatal depression scale (EPDS). The
EPDS, originally developed in the United Kingdom in
1987, is a 10-item self-report measure designed to
screen women for symptoms of emotional distress
during the postpartum period by using a 4-point
Likert scale [10]. It has been translated into many lan-
guages and is now widely used worldwide. The cutoff
scores vary across countries, although those for prob-
able and possible depression scores have been sug-
gested at 12/13 and 9/10, respectively, in the original
version [10]. EPDS was translated into Japanese in
1996, and its reliability and validity were confirmed
[11]. In the Japanese version, the total score of 9 or
more is regarded as positive, suggesting probable
depression. In the present study, we also defined an

EPDS score of 9 or more as the presence of depres-
sive symptoms.

Sleep disorder was evaluated using the Athens
insomnia scale (AIS), which was developed as a brief
and easy to administer questionnaire for determining
the severity of insomnia defined according to the
International Classification of Disease Tenth Revision
[12]. The utility in clinical practice and research and
reliability were confirmed previously [13].

The severity of oxidative stress and antioxidant
activity were quantified by measuring the concentra-
tion of specific biomarkers. We evaluated serum dia-
cron reactive oxygen metabolites (d-ROM) and urine
8-hydroxy-2'-deoxyguanosine (8-OHdG) as oxidative
stress markers, and serum biological antioxidant
potential (BAP) as an antioxidant stress marker. The d-
ROM test is based on the capacity of a plasma sample
to oxidize the chromogen substrate to its radical cat-
ion, and the test results are expressed as Carratelli
units (CARR U) [14]. It was experimentally established
that 1 CARR U corresponds to 0.08 mg of H,0O,/dL,
and the normal value in healthy subjects is between
250 and 300 CARR U. 8-OHdG is an oxidized derivative
of a nucleoside deoxyguanosine, reflecting DNA oxida-
tion [15,16]. Excreted in urine unmetabolized, it can
be measured in urine samples noninvasively. The con-
centrations of 8-OHdG (ng) and creatinine (mg) were
measured by immunochromatography using an auto-
matic analyzer (ICR-001; Techno Medica, Tokyo, Japan),
and 8-OHdG levels were corrected by creatinine (ng/
mg creatinine). BAP test is based on the ability of a
plasma sample to reduce ferric (Fe3*) iron to its color-
less ferrous (Fe?") derivative [14], and the result of
which is an expression of total antioxidant activity.
The concentrations of reduced ferric ions are deter-
mined by photometrically assessing the intensity of
decoloration. The normal value of BAP is >2200 umol/
L [14]. The levels of d-ROM and BAP were measured
using the FREE Carrio Duo system (Diacron
International, Grosseto, Italy) according to the manu-
facturer’s instructions.

Statistical analyses

The levels of oxidative stress markers and antioxidant
activity markers during pregnancy, and the changes
before and after delivery were initially evaluated. Next,
by dividing into two groups according to EPDS scores
at time point 4 as low (<9 points) and high (>9
points), we compared background characteristics and
various parameters at time points 1-3 between the
two groups using univariate analyses (unpaired t-test,



Mann-Whitney test, and Fisher’s exact test), and iden-
tified the factors associated with high EPDS at time
point 4. Variables emerging with possible prognostic
value for high EPDS at time point 4 were then entered
into a multiple logistic regression analysis to detect
parameters that were independently associated with
high EPDS at time point 4.

Statistical analyses were performed using GraphPad
Prism version 5.02 (GraphPad Software, San Diego, CA)
and JMP version 11.0.0 (SAS Institute Inc, Cary, NC). A
p-value < 0.05 was considered significant.

Results

A total of 126 pregnant women were recruited into
the study. Forty-two (33.3%) patients dropped out of
the study because of refusal to participate, declining
participation during the study, or unobtainable data.
Therefore, 84 women completed the study.
Background characteristics are shown in Table 1.

The transition of oxidative stress markers during
pregnancy and postpartum is shown in Figure 1.
Compared with the level at time point 4, d-ROM at
time points 1-3 and 8-OHdG at time points 1 and 3
were higher, and BAP at time points 1-3 was signifi-
cantly lower. Moreover, as compared with the normal
ranges in a population of healthy subjects of d-ROM
and BAP (as mentioned above, 250-300 CARR U and
>2200 pmol/L, respectively), the levels of d-ROM at
time points 1-3 were much higher and those of BAP
were lower, and these results indicate that pregnant
women probably have higher oxidative stress and
lower antioxidant activity.

We divided the women into two groups according
to the score of EPDS 9 or more and assessed back-
ground characteristics, various parameters at time
points 1-3 and pregnancy complications between the
two groups using univariate analyses (Tables 2 and 3).
Sixty-nine women had a low EPDS score and 15 had a
high score. We assessed background characteristics,
and the women in the high EPDS group at time point
4 tended to have a higher prematernal body mass
index (Table 2). We then assessed various parameters
at time points 1-3 and pregnancy complications and
found significant differences between groups in EPDS
at time points 1-3; AIS at time points 1 and 3; and
body weight, body mass index, 8-OHdG and BAP at
time point 3 (Table 3). Only the BAP at time point 3
was lower in women in the high EPDS group at time
point 4, and all the other parameters were higher.

Variables emerging with possible prognostic value
for high EPDS scores at time point 4 were then

JOURNAL OF PSYCHOSOMATIC OBSTETRICS & GYNECOLOGY 3

Table 1. Background characteristics of the

pants (n = 84).

partici-

Mean +SD Number (%)
Age (years) 33.4+49
Gravida (n) 1.9+09
Para (n) 0.51+0.68
Height (cm) 159.6+5.2
Weight (kg) 543 +8.0
BMI (kg/cm?) 21.3+3.1
Past history (yes/no) 14/70 16.7
History of depressive disorder (yes/no) 3/81 3.6
Complication (yes/no) 21/63 25.0
Fertility treatments (yes/no) 22/62 26.2
Working (yes/no) 56/28 66.7
Quit job during pregnancy (yes/no) 18/66 21.4
Exercising regularly (yes/no) 9/75 10.7
Smoking (prematernal) (yes/no) 9/75 10.7
Passive smoking (yes/no) 17/67 20.2
Alcohol (yes/no) 34/50 40.5

BMI: body mass index.

entered into a multiple logistic regression analysis
(Table 4). Consequently, EPDS at time point 1 and BAP
at time point 3 were independent predictors to high
EPDS at time point 4 (Table 4). The adjusted odds
ratios to be classified in the high EPDS group at time
point 4 were 1.06 per 0.1 point increase in EPDS score
at time point 1 (95% confidence interval [CI]:
1.03-1.11) and 0.93 per 10 umol/L increase in BAP at
time point 3 (95% CI: 0.87-0.97).

Discussion

In this prospective analysis, we found that oxidative
stress was higher and antioxidant activity was lower
during pregnancy and immediately after delivery.
Depressive symptoms at postpartum were also associ-
ated with those in the second trimester and the anti-
oxidant activity immediately after delivery, suggesting
that the marker and the symptom could be useful for
the prediction of PPD. This study is the first to reveal
the association between postpartum depressive symp-
toms and antioxidant activity.

Oxidative stress is defined as a disturbance in the
balance between the production of reactive oxygen
species (ROS) and antioxidant activity [17]. ROS
change lipids, proteins and DNA and cause damage to
cells and tissues. Previous studies reported that oxida-
tive stress has an influence on cancer [18], inflamma-
tion [19], atherosclerosis [20,21], myocardial infarction
[21], inflammatory airway diseases [22] and age-related
illnesses [23]. A meta-analysis revealed an association
between oxidative stress and depression in the gen-
eral population [24] and showed that patients with
depression have higher oxidative stress and lower
antioxidant status.
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Figure 1. Transition of oxidative stress markers during preg-
nancy and postpartum. *Student’s t-test, p<0.05 vs. time
point 4; ***Student’s t-test, p < 0.001 vs. time point. CARR U:
Carratelli units; d-ROM: diacron reactive oxygen metabolites; 8-
OHdG: 8-hydroxy-2'-deoxyguanosine; BAP: biological anti-oxi-
dant potential.

With regard to oxidative stress during pregnancy, a
previous study demonstrated that several oxidative
stress markers, such as urine 8-OHdG, serum 8-isopros-
tane, total antioxidant capacity, glutathione peroxidase
and superoxide dismutase, increase in the third trimes-
ter and return to non-pregnant levels postpartum [25],
as with our study. In addition, pregnancy complica-
tions, including preeclampsia [26], gestational diabetes

mellitus [27], fetal growth restriction and spontaneous
pregnancy loss, are associated with oxidative stress
[28]. Oxidative stress has been speculated to be detri-
mental to pregnancy, but a recent animal study has
shown that ROS-mediated signaling may be essential
for maintaining placental angiogenesis in preeclampsia
[29]. Further studies are necessary to confirm the influ-
ence of oxidative stress on pregnancy.

In our study, the levels of d-ROM at time points
1-3 were considerably higher than the normal range,
compared with BAP. Pregnancy may affect oxidative
stress rather than antioxidant activity. Therefore, the
individual potential to counterbalance oxidants may
be important to not get depressed, and this may lead
to the association of only the BAP at time point 3
with PPD.

A meta-analysis revealed the association between
depression and oxidative stress among patients with
depression [24], but the period between the changes
of markers in oxidative stress and antioxidant activity
and the exacerbation and remission of depression
remains unclear. Considering together with our
results that markers had not returned to normal
range level at time point 3, it might require some
time to falter the oxidative stress influence on preg-
nancy. The impact of low antioxidant activity at time
point 3 might have appeared about a few
months later.

The EPDS at time point 1 was associated with that
at time point 4. A previous study assessed depression
and anxiety during pregnancy and 1 month after deliv-
ery. It demonstrated that depressive symptoms are
common during the first trimester of pregnancy (25%)
and in postpartum (17%) [30]. Pregnant women may
be less likely to feel depressed when they are facing
childbirth, and evaluating psychological symptoms
from the beginning of pregnancy is important.

Limitations and strengths

This study has two limitations: (1) the number of par-
ticipants was relatively small; and (2) the participants
were healthy women, most of whom did not have
high EPDS at time point 4. Further studies with a
larger sample including women with depressive symp-
toms or past history of depression are warranted to
corroborate our findings.

By contrast, our study has two strengths: (1) unlike
previous studies, parameters were assessed at 3-6 days
after delivery; therefore, the differences between
immediately after delivery and one month after deliv-
ery became clear; and (2) the measurements of d-
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Table 2. Comparison of background characteristics between the low and high EPDS groups at time point
4 using univariate analyses.

Low EPDS (<9 points, n =69) High EPDS (>9 points, n=15)

Mean + SD (%) Mean + SD (%) p-Value
Age (years) 33.8+4.9 31.9+44 0.17°
Gravida (n) 1.9+1.0 19407 0.95°
Para (n) 0.52+0.71 047 £0.50 0.94°
Height (cm) 159.8+5.1 158.7+5.2 0.46”
Weight (kg) 536+7.8 57.7+82 0.07°
BMI (kg/cmz) 21.0+£3.1 229+2.7 0.03*
Past history 18.8 6.7 0.45¢
Past history of depressive disorder 14 133 0.08°
Complication 24.6 26.7 1.00¢
Fertility treatments 30.4 6.7 0.10°
Working 69.6 53.3 0.24¢
Quit job during pregnancy 20.3 26.7 0.73¢
Regular exercise 8.7 20.0 0.20°
Smoking (prematernal) 10.1 13.3 0.66°
Passive smoking 23.2 6.7 0.29¢
Alcohol 42.0 333 0.58¢

EPDS: Edinburgh postnatal depression scale; BMI: body mass index. Unpaired t-test. "Mann-Whitney test. Fisher’s exact test.

Table 3. Comparison of various parameters at time points 1-3 between the low and high EPDS groups
at time point 4 using univariate analyses.

Low EPDS (<9 points, n=69)

High EPDS (>9 points, n=15)

Mean + SD Mean + SD p-Value
Time point 1
Weight (kg) 59.5+8.0 61.9+7.8 0.29°
BMI (kg/cm?) 233+3.2 246+25 0.16°
EPDS (points) 29+3.0 93+33 <0.001°
AIS (points) 42427 63134 0.02°
d-ROM (CARR U) 534.9+98.6 509.5+58.6 0.35°
8-OHdG 352+135 27.7+108 0.07°
BAP (umol/L) 1839.2+231.0 1821.9+256.3 0.80°
Time point 2
Weight (kg) 63.0+8.2 643+10.8 0.64°
BMI (kg/cm?) 247+34 256+3.6 0.44°
EPDS (points) 9.0+33 144435 <0.001P
AIS (points) 56+3.2 59+28 0.73°
d-ROM (CARR U) 529.2+109.8 526.4+99.0 0.94%
8-OHdG 29.2+9.7 27.5+6.9 0.57
BAP (umol/L) 1701.1+593.5 1568.3 % 255.1 0.45°
Time point 3
Weight (kg) 593+7.7 63.1+£9.6 0.11°
BMI (kg/cm?) 233+32 250+3.1 0.06
EPDS (points) 36+35 11.0+4.9 <0.001P
AIS (points) 6.9+38 10.1+3.9 <0.01°
d-ROM (CARR U) 520.0 +96.8 522.5+100.9 0.93°
8-OHdG 273+956 359+19.5 0.02°
BAP (umol/L) 21653 +514.0 1798.6+141.3 0.01°

EPDS: Edinburgh postnatal depression scale; BMI: body mass index; AIS: Athens insomnia scale; d-ROM: diacron reactive oxy-
gen metabolites; CARR U: Carratelli units; 8-OHdG: 8-hydroxy-2’-deoxyguanosine; BAP: biological anti-oxidant potential.
®Unpaired t-test. "Mann-Whitney test.

Table 4. Factors associated with high EPDS at time point 4 (>9 points) according to multiple logistic

regression analysis.

Crude OR (95% Cl) p-Value Adjusted OR (95% Cl) p-Value
BMI 1.16 (0.67-2.47) 0.58
EPDS (time point 1) 1.16 (1.02-1.89) <0.01 1.06 (1.03-1.11) <0.001
AlS (time point 1) 0.88 (0.49-1.02) 0.10
EPDS (time point 2)? 0.98 (0.90-1.04) 0.58
EPDS (time point 3)° 1.04 (0.99-1.16) 0.15
AIS (time point 3) 1.16 (1.02-2.01) <0.01
8-OHdG (time point 3) 0.89 (0.59-1.16) 0.41
BAP (time point 3)b 0.90 (0.64-0.98) <0.01 0.93 (0.87-0.97) <0.001

OR: odds ratio; Cl: confidence interval; BMI: body mass index; EPDS: Edinburgh postnatal depression scale; AlS: Athens
insomnia scale; 8-OHdG: 8-hydroxy-2'-deoxyguanosine; BAP: biological anti-oxidant potential. ®Per 0.1 point increase.
bPer 10 pmol/L increase of BAP.
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ROM, BAP and 8-OHdG are simple, inexpensive and
practical because the results are obtained in about
10-15min. Our results can be immediately
used clinically.

Conclusion

Depressive symptoms in the second trimester of preg-
nancy and the antioxidant activity immediately after
delivery could predict PPD.
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are useful for the prediction of PPD.

We found that oxidative stress was higher and antioxidant activity was lower during pregnancy and immediately after delivery.

Depressive symptoms at postpartum were associated with those in the second trimester and the antioxidant activity immediately after deliv-
ery, suggesting that the serum biological anti-oxidant potential (BAP) and the Edinburgh postnatal depression scale (EPDS) score in the

second trimester could be useful for the prediction of PPD.

» Current knowledge on the subject

In Japan, the incidence rates of Diagnostic and statistical manual of mental disorders-lll-revised (DSM-III-R) major depressive episode during
pregnancy and within 3 months after delivery are 5.6 and 5.0%, respectively.
The exact cause of postpartum depression (PPD) is unclear, but it is believed to be a combination of different factors.

A meta-analysis revealed an association between oxidative stress and depression in the general population and showed that patients with
depression have higher oxidative stress and lower antioxidant status.

» What this study adds

We investigated the association between postpartum depressive symptoms and oxidative stress/antioxidant activity, and the parameters that
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