Vol. 14(4), pp. 81-87, October-December 2022
DOI: 10.5897/1JNM2022.0500

Article Number: 1824BBB70128

ISSN 2141-2456

Copyright ©2022

Author(s) retain the copyright of this article
http://www.academicjournals.org/I[JNM

Full Length Research Paper

ACADEMIC
JOURNALS
expand your knowledge

International Journal of Nursing and
Midwifery

Can psychological status and stress biomarkers in
pregnhancy predict postpartum depression?

Eri Usami*, Yuki Kanazawa and Atsuko Kawano

University of Tsukuba, Graduate School of Comprehensive Human Sciences, Master’'s Program in Nursing Science,
Japan.

Received 31 March, 2022; Accepted 21 November, 2022

To detect Postpartum depression (PPD) among mothers in early, easy, and accurate way is required. In
this study, we aimed to examine whether biomarkers taken during the perinatal period can predict a risk
of PPD, in addition to subjective scale scores. A longitudinal survey of 24 mothers was conducted at 6
and 9 months of gestation (T1&T2) and 1 month postpartum (T3). Psychological state was measured by
EPDS, GHQ, and CES-D. Sleep quality, which has a profound influence on postpartum psychological
state, was measured by PSQI. Values of 10 biomarkers was measured: blood cortisol, adrenaline,
noradrenaline, dopamine, IgA, urinary free cortisol, adrenaline, noradrenaline, dopamine, and breast
milk IgA. Correlation was analyzed between psychological scale scores and biomarker values at each
time point in the survey. The result showed moderately significant correlations between EPDS scores at
T3 and urinary dopamine at T3 (r=0.53, p=0.024), and between GHQ scores at T3 and breast milk IgA at
T3 (r=-0.61, p=0.020). Some moderately significant correlations between biomarkers in different time
points were found, which were seen between blood adrenaline at T2 and urinary adrenaline at T3
(r=0.52, p=0.034), and between urinary cortisol at T2 and urinary noradrenaline at T3 (r=0.55, p=0.023).
These findings demonstrated that autonomic nervous system biomarkers and IgA in breast milk reflects
mothers’ psychological state, which could be a tool to predict PPD. Furthermore, it was suggested that
biomarkers at 9 months of gestation could detect PPD indirectly, by predicting the value of biomarkers
at 1 month postpartum.
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INTRODUCTION

Postpartum depression among mothers is a serious issue
in Japan. Tokumitsu et al. (2020) revealed that 10% of
Japanese mothers develop postpartum depression within
the first year after childbirth. In addition, maternal
postpartum depression has been associated with maternal

*Corresponding author. E-mail: s2021372@s.tsukuba.ac.jp.

suicide (Quevedo et al.,, 2021), which is the leading
cause of Japan’s maternal perinatal death (Takeda et al.,
2017). Difficulties in mother-infant interactions due to
postpartum depression can affect the child’s psychosocial
development (Oyetunji and Chandra, 2020). Fathers are
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more likely to be depressed in households in which
mothers are depressed (Takehara et al., 2020). Thus,
early detection and treatment of postpartum depression is
crucial, as it can not only affect the mothers but also
family members. In Japan, postpartum depression
screening is recommended for all postpartum mothers
during the one-month postpartum checkup (Perinatal
Mental Health Consensus Guide, 2017) and is conducted
nationwide. The Japanese version of the Edinburgh
Postpartum Depression Questionnaire (EPDS),
developed by Cox et al. (1992) and translated by Okano
et al. (1996), is widely used for screening. Meanwhile,
screening using self-report questionnaires may not
provide appropriate responses depending on the
circumstances of the mothers visiting the clinic (e.g., lack
of time and presence of an infant). Additionally,
depressive symptoms in Japanese mothers tend to be
somatoform (Bashiri and Spielvogel, 1999), and
screening for emotional symptoms, such as depressed
mood and anxiety, which are assessed in the EPDS, may
not be sufficient to accurately screen mothers in need of
support. Therefore, a combination use of subjective
indicators and objective indicators, such as self-reporting
scale and biomarkers, and identifying persons in need of
support in a dual structure can enable an effective access
to professional support. An objective indicator is the
assessment of stress levels using biomarkers. Biomarkers
can include various substances from the human body and
can be collected from blood, hair, saliva, urine, breast
milk, etc. Studies using hair (Mlili et al., 2022; Bowers et
al., 2018) and saliva (Cevik and Alan, 2021; Vlenterie et
al., 2021) to assess stress levels and mental health in
perinatal women have been conducted. In this study, we
focused on the use of biomarkers from blood and urine.
In Japan, blood and urine tests are required throughout
pregnancy health checkups, and all mothers are also
subjected to urinalysis at postpartum health checkups,
which has the advantage of requiring no additional
invasive procedure on the mother. The assessment of
stress levels using urinary biomarkers has been reported
in the field of occupational health and has been
performed by nursing care workers (Toshima, 2018) and
night shift workers (Briguglio et al., 2021). Therefore, the
applicability of this method to perinatal women must be
examined. If biomarkers are useful for assessing
mothers' stress levels, they can be used in conjunction
with traditional questionnaires to improve screening
accuracy. They can also be used to assess the
psychological state of mothers who are unable to respond
appropriately to questionnaires.

Additionally, = mothers  experiencing  postpartum
depression should undergo a screening method that can
predict postpartum mental health on the basis of maternal
status during pregnancy, given the suggested association
with depressive symptoms during pregnancy (lliadis et
al., 2015; Koutra et al., 2014). Once the link between

biomarkers in samples collected during pregnancy and
postpartum mental health is clarified, the risk of
postpartum depression during pregnancy using these
methods can be assessed easily and accurately, thereby
facilitating prevention and early intervention for mothers’
postpartum depression.

Thus, this study aims to examine whether the
psychological status (possibility of postpartum depression)
in the postpartum stage can be predicted from the
psychological state during early pregnancy and to clarify
from the results of the examination of the correlation
between a questionnaire and biomarker measurement
values whether the use of biomarkers as an objective
measurement of psychological state is useful.

METHODOLOGY

This was a longitudinal study from gestational to postpartum period
using a self-reported, anonymized questionnaire.

Participants and recruitment

Pregnant women in their sixth month of pregnancy who had
antenatal checkups at an ObGyn outpatient clinic in a general
hospital in Japan were asked to participate in a study. A total of 24
pregnant women agreed to participate in the study and consented
to the survey. However, five of them transferred to another hospital,
and data at one month postpartum could not be collected.

Survey locations

The study was conducted at three time points: at 6 months of
gestation (T1), 9 months of gestation (T2), and 1 month postpartum
(T3). The survey was conducted in the hospital at the time of
antenatal health checkups at T1 and T2, as well as the postpartum
checkup at T3. The researchers arrived at the hospital on the day of
each participant’'s checkup, having confirmed the date in advance.
Participants were asked to answer a paper questionnaire, which
included self-report scales at each time point.

Measurements
Sociodemographic characteristics

Participant mothers' age, parity, family type (nuclear/extended
family), employment status (full-time employee, part-time worker,
unemployed), medical history, pregnancy complications, delivery
type (vaginal/cesarean), prematurity, and birth weight were
obtained. Characteristics were obtained at T1 through face-to-face
interviews with the researcher, except for delivery information,
which was obtained at T3.

Biomarkers

Nine biomarkers were measured using residues from blood and
urinalysis specimens performed during antenatal checkups at T1
and T2. The nine test items were blood cortisol, adrenaline,
noradrenaline, dopamine, immunoglobulin A (IgA), urine free



cortisol, adrenaline, noradrenaline, and dopamine. At one month
postpartum (T3), four parameters were measured using urine
samples from the postpartum health checkup: free cortisol,
adrenaline, noradrenaline, and dopamine. Furthermore, IgA in
breast milk, which was submitted as a research sample with the
participant's cooperation, was also measured.

Psychological state

The following psychological scales (1) to (3) were used to measure
the psychological state of the participants at the respective points in
the pregnancy and postpartum periods.

Edinburg postpartum depression scale (EPDS): The EPDS is a
widely used scale in the screening of mothers for postpartum
depression during the postpartum period, originally developed by
Cox et al. (1992). The Japanese version was verified for reliability
and validity by Okano et al. (1996). It consists of a 10-item, 4-case
method (0 to 3) that includes reversed items, and the total score
ranges from 0 to 30. Postnatal depression (screening positive) is
suspected when the score is 29. Cronbach’s alpha of the Japanese
version was 0.78, sensitivity was 75%, and specificity was 93%.

The general health questionnaire (GHQ): Developed by Goldberg
(1979), GHQ is used to understand, evaluate, and detect
neurological symptoms. The original version has 60 items, and
short-versions with 30, 28, and 12 items have been developed, with
verified reliability and validity. A 30-item version of the GHQ (GHQ-
30) was used in the current study, and the Japanese version was
translated by Nakagawa and Daibou (1985). A score of 0 to 1 was
assigned for each item; the total score ranges from 0 to 30, with a
score of 27 being a positive screening. A cutoff score of 27
indicated proper sensitivity (92%) and specificity (85%).

The center For epidemiologic studies depression scale (CES-
D): The CES-D was developed to discover depression in the
general public for people aged =15 years. Originally developed by
Radloff (1977), the Japanese version of the CES-D was translated
by Shima et al. (1985) with sufficient reliability and validity. It
consists of 20 items, 4-case (0 to 3) methods, and total score
ranges 0-60. A cut-off score of =16 is considered a positive
screening.

Sleep quality: Pittsburgh sleep quality index (PSQI) was used to
measure the sleep quality at each time point. PSQI was developed
by Buysse et al. (1989), which measures sleep habits and quality
over the past month. The reliability and validity of the Japanese
version was verified by Doi et al. (2000). Respondents were asked
to indicate the time they went to bed, time they fell asleep, time they
woke up, and their sleep duration, and to select the applicable
option using a 4-point scale ranging from 0 to 3. The degree of
sleep disturbance is scored by adding the scores of the seven
factors obtained from the responses to all of the 18 items. The total
score was used for the analysis, ranging from 0 to 21. A cut-off
score for the Japanese version is set at 26, which is the same as
the original version. Cronbach’s alpha was 0.77.

Data analysis

Descriptive statistics were conducted on the basic attributes and
scores of each scale. The correlation between psychological scale
scores and biomarker values at each time point of the survey was
examined using Pearson's correlation coefficient. The relationship
between the values of each biomarker during T1&T2 and the
psychological scale scores at T3 was also examined using
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Pearson's correlation coefficient. SPSS 27.0 for Windows was used
for the statistical analysis, with a 5% probability of significance and
a two-tailed test.

Ethical considerations

This study was conducted with the approval of the Medical Ethics
Committee of the University of Tsukuba, Faculty of Medicine and
Health Sciences (Approval No.: 1820).

RESULTS
Background factors

The mean age (xSD) of the participants was 31.50
(x4.27) years, 18 were primiparous, and six were
multiparous. Twenty of the families consisted of nuclear
families and four were in extended families, either living
with their biological parents or parents-in-law. The most
common occupation was clerical, accounting for six of the
respondents, followed by nurses. No pregnancy
complications were observed in all subjects and one
subject had a history of depression. Eighteen women had
a vaginal delivery, one had a cesarean delivery, and five
were untraceable (all primiparous), including transfers to
other hospitals. Of the 19 patients who could be followed
up to T3, 18 had full-term delivery except one at 36
weeks gestation, and all 19 had normal birth weights of
2500 g or more (Table 1).

Scores of each scale
EPDS

At each time point, excluding missing data, 12.5% of the
participants (3 of 24) were suspected to have depression
(scores 29) at T1, 17.6% (3 of 17) at T2, and 11.1% (2 of
18) at T3. T1 had the highest mean score (xSD) among
all time points, which was 4.75(+3.60).

. The Friedman test results did not show significant
differences in scores between the three time points (Table
2).

GHQ-30

The percentage of participants with a score 27 points at
each time point was 12/24=50.0% at T1, 5/16=31.3% at
T2, and 6/17=35.3% at T3. Friedman test results showed
no significant differences in scores between the three
time points (Table 2).

CES-D

The percentage of participants with a score of 216 at
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Table 1. Participants’ sociodemographic characteristics.

Characteristics

Value

Age

Parity
Primiparous
Multiparous

Family type
Nuclear family
Extended family

Employment status
Full-time employee
Part-time worker
Unemployed

Delivery type
Vaginal delivery
Cesarean
Untraceable

M=*xSD=31.50+4.27
Mdn=31.00

18

20

17

18
1
5

! represents the mean+SD and ** represents the median.

Sources: Author's 2022

Table 2. Total scores of each scale.

M+SD-Prevalence of screening positive (%)

%1
Scale 6 months gestation (T1) 9 months gestation (T2) 1 month postpartum (T3) p Value
EPDS 4.75+3.60 (12.5) 4.12+3.86 (17.6) 3.44+3.07 (11.1) n.s.
GHQ-30 7.42+5.41 (50.0) 6.56+4.87 (31.3) 4.29+4.22 (35.3) n.s.
CES-D 8.6515.66 (13.0) 9.50+8.81 (22.2) 6.41+7.80 (11.8) 0.01
PSQI 5.21+2.83 (29.2) 6.59+3.41 (53.0) 8.13+2.36 (93.8) 0.19

“=Friedman test.
Sources: Author's 2022

each time point was 3/23=13.0% at T1, 4/18=22.2% at
T2, and 2/17=11.8% at T3. The mean score (SD) at T2
was 9.50+8.81 which was the highest of the three. The
Friedman test revealed a significant difference (p=0.01).
Additionally, the Bonferroni method was used to adjust
the probability of significance for significant differences
between each score, and a significant difference was
found between T1 and T3 (adjusted p=0.02) (Table 2).

PSQI

The percentage of participants who scored =6 points at
each time point was 7/24=29.2% at T1, 9/17 (53.0%) at
T2, and 15/16 (93.8%) at T3. Regarding significant

differences between each score, a significant difference
was observed between the scores at T1 and T3 by the
Bonfferoni method (adjusted p=0.02) (Table 2).

Association between biomarkers and psychological
scales

Analysis of correlations between each scale score at T3
and biomarkers at each of the three time points showed
significant correlations in the following items (Table 3).
First, a moderately significant correlation was shown for
EPDS scores at T3 with urinary dopamine at T3 (r=0.53,
p=0.02). None of the biomarkers in the gestational period
correlated with EPDS scores at T3. Second, a moderately
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Table 3. Correlations between biomarkers at T1-T3 and self-reported scales at T3.

Correlation Urinary Dopamine (T3) Breast milk IgA (T3)
EPDS 0.53* -
GHQ-30 -0.61*

Pearson’s correlation coefficient. Only items that are statistically significant are shown in

the table. *p value<0.05
Sources: Author's 2022

Table 4. Correlations between biomarker values at T1 and T3.

Correlation Urinary noradrenaline(T1) Urinary dopamine(T1) Blood noradrenaline(T1)
U- free cortisol(T1) 0.50*

U-adrenaline(T1) 0.81**

U-noradrenaline(T1) n 0.45*

B-adrenaline(T1)

0.43*

Pearson’s correlation coefficient. Only items that are statistically significant are shown in the table. *p value<0.05, **p value<0.01.

Sources: Author's 2022

significant negative correlation with breast milk IgA was
also shown at T3 for the GHQ-30 score (r=-0.61, p=0.02).
No correlation was found for any of the items in the
gestational period. No statistically significant correlation
with any biomarker at any of the three time points was
detected for the CES-D and PSQI scores at T3.

Association between biomarker values at T1 and T2
and biomarker values at T3

Among the biomarker items at two time points during
gestation (T1&T2), the results of an analysis of the items
that correlated with the values at T3 showed a
moderately significant correlation between urinary free
cortisol at T2 and urinary noradrenaline at T3, shown in
Table 5 (r=0.55, p=0.02). Additionally, there was a
moderately significant correlation between blood
adrenaline at T2 and urinary adrenaline at T3 (r=0.52,
p=0.03). Regarding the items at T1, none of them
showed statistically significant correlation with the values
of each item at T3 (Table 4).

DISCUSSION

The current study aimed (1) to analyze biomarkers that
could predict the status of depression at 1-month
postpartum and (2) to elucidate the association between
the 10 biomarkers measured at three time points (6
months of gestation (T1), 9 months of gestation (T2), and
1-month postpartum (T3)) and the psychological scales

using blood, urine, and breast milk specimens from 24
mothers. Discussion will be made whether biomarkers
can be a useful objective measure of psychological status
on the basis of the examination results of the relationship
between the questionnaire and biomarker values, and
whether the psychological status during pregnancy can
predict the possibility of postpartum depression.

Participant characteristics

With the average age of primiparous Japanese mothers
in 2017 - 2019 being 30.7 years (Ministry of Health, Labor
and Welfare, 2021), the participants of this study can be
considered a population that tends to be generally similar
to the childbearing age of Japanese women. Moreover,
compared to the percentage of primiparous women with
the number of births in Japan (approximately 45.9%),
many of the participants in this study were primiparous
(Ministry of Health, Labor and Welfare, 2021). All five
subjects who were not located after T2 were primiparous,
but even taking this into account, this is a population in
which primiparous mothers are approximately twice as
common as multiparous mothers. Therefore, the effects
of the differences in parity characteristics should be
considered.

Predictability of psychological status at 1 month
postpartum in terms of biomarker values during
pregnancy and the postpartum period

This study found a significant correlation between T3



86 Int. J. Nurs. Midwifery

Table 5. Correlations between biomarker values at T2 and T3.

Biomarkers at T2

Biomarkers at T3

Correlation

U-noradrenaline  U-dopamine B-noradrenaline B-IgA U-noradrenaline  U-adrenaline
U-free cortisol(T2) 0.70** 0.55*
U-adrenaline(T2) 0.86** 0.70**
U-noradrenaline(T2) 0.73*
B-cortisol(T2) 0.54*
B-adrenaline(T2) 0.51* 0.52*

Pearson’s correlation coefficient. “U-" means biomarkers from urine sample, and “B-" means from blood sample. Only items that are statistically significant are
shown in the table. *p value<0.05, **p value<0.01.

Sources: Author's 2022

EPDS scores and T3 urinary dopamine, as well as
T3 GHQ-30 scores and T3 breast milk IgA. Thus,
as the likelihood of postpartum depression
increased, urinary dopamine levels increased,
whereas breast milk IgA decreased. This finding
suggests that biomarkers can be used as
objective assessment tools for psychological
status during the postpartum period.

Previous studies have also reported the
possibility of measuring physical and psychological
stress in organisms using urine catecholamines
(Steckl and Ray, 2018; Zipursky et al., 2017;
Sakuma and Nagasaka, 1996). Urine dopamine is
a type of urinary catecholamine, and the current
study supports these findings. The results for IgA
in breast milk also support those of previous
studies (Juncker et al., 2022; Ziomkiewicz et al.,
2021; Groér et al., 2005), which revealed that IgA
in breast milk decreased under high stress
conditions. When using breast milk samples for
assessment, new donated breast milk from the
mothers must be obtained and used. However,
given that some mothers stop breastfeeding after
childbirth because they are on medication or
because they wish to stop breastfeeding, obtaining

breast milk samples uniformly from all mothers is
difficult.  Furthermore, mothers face time
constraints in collecting specimens, and space is
also required to collect samples, which is also a
facility issue. Meanwhile, there are always remnant
samples of urine and blood, so there is no
problem with sample collection. However, due to
the cost and time required to perform biochemical
tests in the laboratory, results may not be
available while the mother is visiting the hospital
for her one-month checkup, making it impossible
to identify and respond to the problem at an early
stage. To obtain immediate results and
immediately identify mothers who need to be
addressed, it is desirable to be able to realize
simple evaluations using test strips, as is the case
with urine protein and urine glucose.

Relevance of psychological status during
pregnancy and the postpartum period

In the current study, the biomarkers collected
during pregnancy did not suggest direct predictors
of psychological status during the postpartum

period. However, a moderate correlation was
found between some of the urinary and blood
biomarkers (urinary cortisol and blood adrenaline)
at T2 and some of the urinary catecholamines
(adrenaline and noradrenaline) at T3. This
suggests that heightened psychological and
physical stress in late pregnancy may also affect
the psychological status during the first month
postpartum. Given that urinary catecholamines
can potentially be useful in predicting stress
levels, as shown in the literature, if the association
between these biomarkers in late pregnancy and
the postpartum period is robust, the measurement
of biomarkers in late pregnancy may be used for
the risk assessment of postpartum depression
during pregnancy.

Study limitations

Due to the small sample size, it is necessary to
carefully select the types of biomarkers and
scales to be investigated and increase the sample
size for future studies, such as multiple regression
analysis based on the correlations obtained in this



study.

In addition, since the survey was conducted in a limited
area within Japan, there are limitations in generalizing the
results of this study.
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