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ABSTRACT  

 

Introduction: Depressive symptoms and anxiety are the most common mental health 

problems during pregnancy. The purpose of the present study was to investigate the 

association between each trimester’s maternal depressive symptoms, anxiety, and infant 

birth weight. 

Methods: We recruited pregnant women in their second trimester. Participants’ blood 

and saliva were collected in the second trimester to investigate plasma cortisol and saliva 

oxytocin levels. Participants completed self-reported questionnaires that included the 

Edinburgh Postnatal Depression Scale (EPDS) and the State-Trait Anxiety Inventory 

(STAI) in the second and third trimesters. Hierarchical multiple linear regression was 

conducted using stepwise selection. 

Results: Eighty-one primiparas participated in the study. As the results of linear 

regression showed, gestational age, hypertensive disorders of pregnancy, weight gain 

during pregnancy, and depressive symptoms in the third trimester were associated with 

infant birth weight. Depressive symptoms in the third trimester predicted lower infant 

birth weight. In contrast, depressive symptoms in the second trimester, state anxiety, and 

trait anxiety in both the second and third trimesters did not predict infant birth weight. 

Similarly, maternal plasma cortisol and saliva oxytocin levels were not related to infant 

birth weight. 

Conclusion: Maternal depressive symptoms in the third trimester predicted lower infant 

birth weight. Mental health care for depressive symptoms in late pregnancy might be 

important for infant birth weight increases. 
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BACKGROUND  

Depressive symptoms and anxiety are the most common mental health problems 

during pregnancy. The prevalence of prenatal depressive symptoms was estimated at 9.1-

17.2% in western countries (Straub et al., 2012; Bowen et al., 2012, Jairaj et al., 2019). It 

was higher in Asian countries, ranging from 14.4-26.3% (Ishikawa et al., 2011; Choi et 

al., 2014; Tsao et al., 2016). Globally, the incidence of prenatal anxiety ranged from 7.9% 

to 26.0% (Teixeira et al., 2009; Nasrean et al, 2010; Inabez et al., 2012; Bayrampour et 

al., 2015). 

Some reviews found that prenatal depressive symptoms or anxiety are related to 

preterm birth or low birth weight (Staneva et al., 2015; Rose et al., 2016). Preterm birth 

and low birth weight cause several problems in infants (Saigal et al., 2008; Makhoul et 

al., 2009). In Japan, the preterm birth rate was 5.7%, and the low birth weight rate was 

9.4% in 2017 (Mother’s & Children’s Health Organization, 2019). In other developed 

countries, these rates were approximately 7-12% and 6-8%, respectively (United Nations, 

2020). Despite the low premature birth rate, the low birth weight rate in Japan is higher 

than that in other countries and needs to be reduced. 

There is no consensus on the period in which maternal depressive symptoms or anxiety 

affect infant birth weight. Many previous studies have examined depressive symptoms or 

anxiety at only once in pregnancy (Nordeng et al., 2012; Chang et al., Nasreen et al. 2019; 

Dowse, 2020). In addition, several researchers have reported these associations without a 

defined period (Field et al., 2010; Flynn et al., 2015; Yang et al., 2017). Further research 

is needed in this direction. 

Previous studies have investigated cortisol in pregnancy as a biomarker of 

maternal stress, depressive symptoms, and anxiety (Kramer et al, 2009; Cho et al, 2017; 

Duffy et al, 2018; Bandoli et al, 2018). Cortisol is the most important glucocorticoid 

produced by the hypothalamus-pituitary-adrenal axis (Levine et al., 2007). A systematic 

review suggested that hypercortisolemia is linked to transient depressive states, while 

hypocortisolemia is related to chronic depression in the pregnancy and postpartum period 

(Seth et al., 2016). Oxytocin is an important hormone in birth and lactation and is 

synthesized in specialized cells in the paraventricular and supraoptic nuclei of the 

hypothalamus (MacDonald and MacDonald, 2010). It reduces HPA axis responses and 

limbic reactivity to social stressors (Heinrichs et.al, 2008). In a systematic review of the 

perinatal period, six studies reported that mothers with higher oxytocin levels presented 

fewer depressive symptoms compared to mothers with lower oxytocin levels (Moura et 

al. 2016). The research with these biomarkers might allow a more multidimensional 

survey. 

Researchers have examined the association between maternal depressive 

symptoms, anxiety, and infant birth weight. Nevertheless, the consensus on the period is 

lacking, and few studies have investigated biomarkers.  

 

OBJECTIVE  

The purpose of the present study is to investigate the association between each 

trimester’s maternal depressive symptoms, anxiety, and infant birth weight. We also 

examined whether prenatal maternal cortisol levels or oxytocin levels predict infant birth 

weight. 
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METHODS  

Participants and procedure 

The present study was part of a longitudinal observational study. We recruited 

women in the second trimester of pregnancy at a hospital in Kyoto, Japan, from April 

2018 to September 2019. The inclusion criteria were (a) primipara, (b) singleton 

pregnancy, (c) pregnant less than 22-week gestational age, (d) 20-40 years old, and (e) 

Japanese. The exclusion criteria were having (a) chronic diseases such as essential 

hypertension, diabetes type 1 and type 2, (b) mental diseases such as schizophrenia, and 

epilepsy, and (c) fetal disorder. After obtaining informed consent, research nurses 

collected the participants’ saliva and blood in the second trimester. Participants completed 

self-reported questionnaires in the second and third trimesters. The questionnaires 

gathered data on maternal characteristics, depressive symptoms, and anxiety. The 

researcher reviewed their medical records after childbirth.  

Based on the sample size calculation, we recruited 150 primiparas. One hundred 

thirty five primiparas participated in the study. Fourteen participants were transferred to 

other hospitals during pregnancy. Seventeen participants did not complete all 

questionnaires or sample collections. Furthermore, 23 participants' oxytocin assays were 

not performed correctly. Finally, 81 participants were included in this study. 

 

Measures 

Maternal demographic and pregnancy characteristics  

Maternal information was collected from questionnaires, such as maternal age, 

education, marital status, and household income. Pregnancy information was obtained 

from medical records, such as fertility treatment, pre-pregnancy body mass index (BMI), 

weight gain during pregnancy, diagnosed hypertensive disorders of pregnancy (HPD), 

diagnosed gestational diabetes mellitus (GDM), mode of delivery, gestational age, and 

infant birth weight. Pre-pregnancy BMI and weight gain during pregnancy were based on 

the criteria of the Ministry of Health, Labor and Welfare, and the criteria of the Japan 

Society for the Study of Obesity. HPD and GDM were diagnosed according to the criteria 

of the Japan Society of Obstetrics and Gynecology. In this study, preterm birth was 

defined as birth before 37-week gestational age, and low birth weight was defined as 

being less than 2500g at birth. 

 

Depressive symptoms 

Depressive symptoms were measured using the Edinburgh Postnatal Depression 

Scale (EPDS). The EPDS is a reliable 10-item questionnaire that has been used to measure 

depressive symptoms in the prenatal and postnatal periods (Cox et al., 1987; Murray and 

Cox, 1990; Bennet et.al, 2004). The response to each question ranged from 0 to 3, and 

the total score ranged from 0 to 30. It was reported that the sensitivity and specificity were 

75% and 93%, respectively, in the Japanese version of the EPDS using a cutoff point of 

8/9 (Okano et al., 1996). This cut-off point has been commonly used in Japanese prenatal 

and postnatal studies (Ohara et al., 2018; Takehara et al., 2018; Nakamura et al., 2020). 

In this study, the Cronbach’s α of EPDS was 0.753 in the 2nd trimester and 0.795 in the 

3rd trimester.  

 

Anxiety 

Anxiety was measured using the State-Trait Anxiety Inventory (STAI) 

(Spielberger et al., 1971). The STAI is composed of state anxiety and trait anxiety. State 

anxiety indicates temporary anxiety at the time of assessment. Trait anxiety indicates 
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more general and long-term anxiety. Both scales consist of 20 items rated on a 4-point 

Likert scale ranging from 1 to 4. The scores range from 20 to 80, with higher scores 

indicating stronger anxiety. The Japanese version of the STAI reported high reliability 

and validity (Nakazato et al., 1982). For women, the cutoff scores of state anxiety 41/42 

and trait anxiety 44/45 were adopted for the assessment of anxiety in previous Japanese 

studies (Yamanishi et al., 2013; Koyama et al., 2016). The Cronbach α of state anxiety 

was 0.915-0.917, and trait anxiety was 0.911-0.920, in this study. 

 

Plasma cortisol 

Maternal blood samples were collected as part of a routine blood test in the second 

trimester and transported to the laboratory within a day (Japan Clinical Laboratories, Inc. 

Kyoto Japan). The cortisol level was assayed by an electrochemiluminescence 

immunoassay (ECLIA) in the laboratory. Intra-assay and inter-assay coefficients 

variation were <20% and <15%, respectively. 

 

Saliva oxytocin 

Maternal saliva samples were collected using a saliva collection aid (SCA) 

(Salimetrics, LLC, Carlsbad, CA) in a private outpatient room after a routine check-up. 

Participants were asked not to eat or drink for 30-60 minutes before sample collection. 

SCAs and cryovials were kept ice-chilled for collection. At least 1.0 mL of saliva was 

collected by passive drool. All participants' saliva samples were collected after a routine 

checkup in the same room. After collection, saliva samples were transported and stored 

at -80°C in the researcher’s laboratory. According to previous research, saliva samples 

were extracted to concentrate by four times (Carter et al., 2007). The oxytocin level was 

assayed in duplicates using commercial enzyme-linked immunosorbent assay (ELISA) 

kits (ENZO Life Sciences, Ann Arbor, MI.), following the product manual (Product 

Manual Oxytocin ELISA kit). The product manual reported that the intra-assay and inter-

assay coefficients of variability were 12.6-13.3% and 11.9-20.9%, respectively. The intra-

assay coefficient variation in this study was ≤19.8%.  

 

Ethics approvals 

This study was reviewed and approved by Osaka University Research Ethics 

Committee (16464).  All participants gave written informed consent. 

 

Statistical analysis 

Descriptive statistics were used to identify maternal and pregnancy 

characteristics. To address the issue of missing data of the third trimester, the last 

observation carried forward was conducted in two cases. The log-transformation was 

performed for plasma cortisol and salivary oxytocin levels (common logarithm). Normal 

distributions of continuous variables were confirmed using the Shapiro-Wilk test. An 

independent t-test or Mann-Whitney U test was conducted to compare continuous 

variables between groups. Pearson’s product-moment correlation coefficient or 

Spearman’s rank correlation coefficient was calculated to examine the relationship 

between the continuous variables. 

Hierarchical multiple linear regressions were conducted to examine the 

relationship between the independent variables and infant birth weight. The models were 

adjusted for the potential confounding variables based on previous studies (Nordeng et 

al, 2012; Ibanez et al., 2012; Chang et al., 2014; Yang et al., 2017): maternal age, 

education, and pre-pregnancy BMI. Categorical variables were coded as dummy 
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variables. Stepwise variable selection was used in the models. First, we set the pregnancy 

characteristics variables as independent variables in model 1. These variables also refer 

to previous studies. Then, we added the prenatal mental health variables to model 1 

(model 2). Multicollinearity was examined by the correlation matrix of the independent 

variables and the variance inflation factor (VIF). We confirmed the normal distribution 

of residuals using a normal probability plot. Statistical significance was defined as 

p<0.05. All statistical analyses were performed using SPSS version 24.0 (IBM Corp. 

Armonk, NY). 

 

RESULTS  

Participant characteristics  

A total of 81 primiparas participated in the study. There was no difference in age, 

education, marital status, family form, household income, and pre-pregnancy BMI 

between participants and dropouts. The questionnaires were given at 24.1±1.8 weeks in 

the second trimester, and at 36.5±0.6 weeks in the third trimester, blood collection for 

cortisol was 26.3±1.3 weeks, and saliva collection for oxytocin was 22.9±1.7 weeks. 

Table 1 summarizes the maternal demographic and pregnancy characteristics of 

participants. The mean maternal age was 32.4±3.9 years, 50.6% were university graduates 

and 96.3% were married. In total, 56.8 % of infants were born by spontaneous vaginal 

delivery, 61.7% were male, median gestational age was 39.5 (38.6, 40.3) weeks, and the 

mean birth weight was 3015.7±357.3 g. Four infants (4.9%) were born prematurely, and 

six infants (7.4%) had low birth weight. 

 

Table 1. Maternal demographic and pregnancy characteristics 
  N = 81  

  
N (%) / Mean ± 

SD 

/ Median (IQR) 

 

Age (year)  32.4 ± 3.9  

Education 

Secondary or High school 11 (13.6)  

Junior or Technical college 25 (30.9)  

University 41 (50.6)  

Graduate school 4 (4.9)  

Marital status 
Married 78 (96.3)  

Single 3 (3.7)  

Family form 
Nuclear family 78 (96.3)  

Extended family 3 (3.7)  

Household income/year (JPY) 

< 2 million 2 (2.5)  

2-5.9 million 47 (58.0)  

≥ 6 million 32 (39.5)  

Employed during pregnancy   Yes 53 (65.4)  

History of miscarriage Yes 19 (23.5)  

Infertility treatment Yes 23 (28.4)  

Smoking during pregnancy Yes 1 (1.2)  

Alcohol during pregnancy   Yes 2 (2.5)  

Pre-pregnancy BMI † 

Underweight (<18.5) 7 (8.6)  

Normal weight (18.5-24.5) 67 (82.7)  

Overweight (25.0-29.9) 7 (8.6)  

Weight gain during pregnancy † 

Below 13 (16.0)  

Within 38 (46.9)  

Adobe 30 (37.0)  

HPD Yes 5 (6.2)  
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GDM Yes 2 (2.5)  

Mode of delivery 

Spontaneous vaginal delivery 46 (56.8)  

Vaginal delivery with epidural 11 (13.6)  

Emergency C-section 3 (3.7)  

Scheduled C-section 21 (25.9)  

Infant sex 
Male 50 (61.7)  

Female 31 (38.3)  

Gestational age (week)  39.5 (38.6, 40.3)  

Infant birth weight (g)  3015.7 ± 357.3  

Abbreviation: BMI = Body mass index, HDP = Hypertensive disorders of pregnancy, GDM = Gestational diabetes 

mellitus. 
† Based on the criteria of the Ministry of Health, Labor and Welfare, and the criteria of the Japan society for the study 

of obesity. 

 

 

Maternal prenatal depressive symptoms, state anxiety, trait anxiety, and infant 

birth weight 

Table 2 shows the results of infant birth weight by maternal prenatal depressive 

symptoms, state anxiety, and trait anxiety. EPDS ≥9 was 19.8 % in the second trimester 

and 16.0% in the third trimester. STAI-S ≥42, STAI-T ≥45 were 29.6% and 23.5%, 

respectively, in the second trimester, and 27.2% in the third trimester. In the second 

trimester, there was no significant difference between maternal depressive symptoms, 

state anxiety, trait anxiety, and infant birth weight. In the third trimester, the birth weight 

of infants of non-depressed women was significantly higher than that of depressed women 

(t=2.93, df=79, p=0.004). Similarly, the infant’s birth weight of non-anxious women was 

significantly higher than that of anxious women (state anxiety and trait anxiety: t=2.04, 

df=79, p=0.044; t=2.33, df=79, p=0.022, respectively). 

 

 

Table 2. Infant birth weight according to maternal EPDS, state anxiety, and trait anxiety 

scores 
   N = 81 

      Infant birth weight (g) 

      N (%)  Mean ± SD t p 

Second 

trimester  

EPDS 
< 8 65 (80.2) 3026.8 ± 359.9 0.56 0.576 

≥ 9 16 (19.8) 2970.6 ± 354.6   

State 

Anxiety 

< 41 57 (70.4) 3060.8 ± 318.8 1.89 0.062 

≥ 42 24 (29.6) 2894.7 ± 429.8   

Trait 

Anxiety 

< 44 62 (76.5) 3043.6 ± 345.8 1.27 0.207 

≥ 45 19 (23.5) 2924.7 ± 388.4   

Third 

trimester  

EPDS 
< 8 68 (84.0) 3064.3 ± 338.5 2.93 0.004 

≥ 9 13 (16.0) 2761.4 ± 357.6   

State 

Anxiety 

< 41 59 (72.8) 3067.3 ± 339.7 2.04 0.044 

≥ 42 22 (27.2) 2839.1 ± 375.2   

Trait 

Anxiety 

< 44 59 (72.8) 3070.8 ± 334.4 2.33 0.022 

≥ 45 22 (27.2) 2868.0 ± 382.3   

Note: Unpaired t-test 
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Table 3. Correlation between plasma cortisol level, salivary oxytocin level and infant 

birthweight 

Note: r = Pearson’s product-moment correlation coefficient, rs = Spearman’s rank correlation coefficient 

 

 

 

Table 4. Maternal plasma cortisol and salivary oxytocin levels according to EPDS, state 

anxiety, and trait anxiety scores 

      
Plasma cortisol level  

(µg/dL) 
 Salivary oxytocin level 

(pg/mL) 
 

      Median (IQR) p  Median (IQR) p  

Second 

trimester  

EPDS 
< 8 20.0 (16.4, 23.5) 0.849  27.5 (19.1, 57.8) 0.229  

≥ 9 19.4 (18.1, 25.1)   56.7 (22.6, 114.8)   

State 

Anxiety 

< 41 20.0 (16.8, 23.7) 0.975  28.6 (18.9, 94.7) 0.745  

≥ 42 19.8 (16.4, 23.6)   30.4(20.5, 91.0)   

Trait 

Anxiety 

< 44 20.2 (16.3, 24.0) 0.672  28.2 (18.7, 115.0) 0.996  

≥ 45 19.4 (16.8, 21.0)   29.3 (22.8, 56.5)   

Third 

trimester  

EPDS 
< 8 20.2 (16.4, 24.7) 0.312  29.6 (18.9, 108.2) 0.757  

≥ 9 18.8 (16.9, 20.9)   25.7 (21.7, 30.9)   

State 

Anxiety 

< 41 20.3 (17.3, 24.0) 0.242  31.2 (18.7, 102.3) 0.694  

≥ 42 19.0 (16.3, 21.4)   25.8 (20.7, 69.6)   

Trait 

Anxiety 

< 44 20.3 (16.9, 23.7) 0.504  29.6 (19.1, 114.8) 0.402  

≥ 45 19.0 (16.4, 22.0)   26.7 (20.0, 32.6)   

Note: Mann-Whitney U test 

 

 

Maternal prenatal cortisol, oxytocin, and infant birth weight 

Plasma cortisol levels and salivary oxytocin levels in the second trimester are 

presented in Table 3. The mean cortisol level was 20.6±5.9 µg/dL (range 9.5-42.7 µg/dL), 

and the median oxytocin level was 28.8 (19.1, 96.7) pg/mL (range, 9.0-275.0 pg/mL). 

Table 3 shows the results of the correlation. There was no significant correlation between 

plasma cortisol, saliva oxytocin, and infant birth weight.  

 

Maternal prenatal depressive symptoms, state anxiety, trait anxiety, cortisol, and 

oxytocin 

Table 4 shows the results of maternal plasma cortisol level and salivary oxytocin 

level according to depressive symptoms, state anxiety, and trait anxiety. There was no 

significant difference in plasma cortisol levels and salivary oxytocin levels. 

 

 

 

 

N = 81 

  Mean ± SD / Median (IQR) Infant birth weight 

Plasma cortisol level (µg/dL) 20.6 ± 5.9 
r 0.047 

p 0.679 

Salivary oxytocin level (pg/mL) 28.8 (19.1, 96.7) 
rs 0.075 

p 0.507 
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Table 5. Multivariable beta estimates for associations between maternal characteristics, 

prenatal mental health, and infant birth weight 

   β B 95％CI p R2 adj. R2 

Model 1      0.348 0.295 

Gestational age 0.38 16.26 7.50 25.03 0.000   

HDP -0.30 -441.18 -725.43 -156.93 0.003   

Weight gain  

during pregnancy 
0.22 22.71 2.06 43.36 0.032   

Model 2      0.418 0.362 

Gestational age 0.34 14.45 6.02 22.88 0.001   

HDP -0.26 -382.56 -655.93 -109.19 0.007   

Weight gain  

during pregnancy 
0.26 26.03 6.25 45.81 0.011   

Depressive symptoms 

in the third trimester 
-0.27 -264.63 -442.92 -96.34 0.004   

Δ Model 2-1      0.070 0.067 

Abbreviation: BMI = Body mass index, HDP = Hypertensive disorders of pregnancy. 

Note: Models adjusted for age, education, and pre-pregnancy BMI. Stepwise variable selection was used in both models. 

Model l, Independent variables were the pregnancy characteristics variables: history of miscarriage, weight gain during 

pregnancy, HDP, infant sex, and gestational age. 

Model 2, Independent variables were the pregnancy characteristics variables, and the prenatal mental health variables: 

depressive symptoms in the second and the third trimester, state anxiety in the second and the third trimester, trait 

anxiety in the second and the third trimester, cortisol level and oxytocin level in the second trimester. 

 

Associations between maternal characteristics, prenatal mental health, and infant 

birth weight 

The results of linear regression to examine associations between pregnancy 

characteristics, prenatal mental health, and infant birth weight are shown in Table 5. In 

model 1, pregnancy characteristics variables were used as independent variables. By 

stepwise selection, three variables remained: gestational age, HDP, and weight gain 

during pregnancy (R2=0.348, adj. R2=0.295). In model 2, depressive symptoms, state 

anxiety, trait anxiety, cortisol level, and oxytocin level were added to model 1 as prenatal 

mental health variables. Only depressive symptoms remained in the third trimester (β=-

0.27, B=-264.63, p=0.004), and R2 increased from model 1 (R=0.418, adj. R2 =0.362, Δ 

R2=0.070, Δ adj. R2=0.067). 

 

DISCUSSION  

In this study, depressive symptoms were 19.8 % in the second trimester and 16.0% 

in the third trimester. State anxiety and trait anxiety were 29.6% and 23.5%, respectively, 

in the second trimester, and 27.2% in the third trimester. The prevalence of depressive 

symptoms was similar to previous Japanese studies examined by EPDS. Sugishita et al. 

(2013) reported that the depressive symptoms were 14.4 % in the second trimester and 

14.1% in the third trimester. Ishikawa et al. (2011) reported that the prevalence of 

depressive symptoms was 14.3% in early pregnancy and 11.8% in late pregnancy. In 

studies in North America, the prevalence was 9.1% in the second trimester and 10.4% in 

the third trimester (Straub et al., 2012; Bowen et al., 2012). The prevalence of prenatal 

depressive symptoms seems to be higher in Japan than in North America. Research in 

Europe showed a prevalence of approximately 13.8% in the second trimester and 14.6% 

to 17.2% in the third trimester (Rubertsson et al., 2005; Barker et al., 2011; Jairaj et al., 
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2019). Moreover, the prevalence was 18.6-36.5% in other East Asian countries (Choi et 

al., 2014; Tsao et al., 2016; Lau et al., 2018) and 19-36.3% in Middle East countries 

(Mohammad et al., 2011; Abdollani et al., 2014; Cankourur et al., 2015). Gavin et al. 

(2011) have reported racial differences in prenatal depressive symptoms. The prevalence 

of depressive symptoms in each trimester may differ according to race or ethnicity. The 

present study found prenatal anxiety levels to be slightly lower but with a similar 

incidence as other Japanese studies investigating STAI. Sato (2006) reported that state 

anxiety was 35.4%, and trait anxiety was 26.5% in the third trimester. In a French study, 

Ibanez et al. (2012) reported that state anxiety was 7.9% in the second trimester. Prenatal 

anxiety in Japanese women is likely to be higher than that in French women. 

Bivariate correlation analysis showed that plasma cortisol levels were not related 

to infant birth weight. Whereas several studies have investigated the association between 

maternal cortisol and preterm birth (Kramer et al, 2009; Bandoli et al, 2018; Duffy et al., 

2018), few studies have focused on infant birth weight. Cho et al. (2017) examined the 

association between maternal postpartum cortisol levels and health outcomes of very-

low-birth weight infants. There was no significant relationship between cortisol level and 

birth weight. Cho et al. investigated 40 mothers who delivered premature infants. All 

participants had medical complications at birth, such as premature prolonged rupture of 

the membranes. Thus, there is a possibility that other factors related to preterm birth 

influenced the results. Moreover, Bandoli et al. (2018) have reported the association 

between cortisol in second trimester and preterm birth, among non-Hispanic white 

mothers. However, there were no significant results among any other races. These 

relationships might be differ by races. It is difficult to conclude that maternal cortisol is 

not related to infant birth weight because only a few studies have been conducted. Future 

research needs to examine if there is such association for each trimester.  

Maternal depressive symptoms were related to lower infant birth weight, but 

saliva oxytocin was not. Zelkowiz et al. (2014) reported that maternal plasma oxytocin of 

the third trimester is related to depressive symptoms. The present study found no 

significant relationship between saliva oxytocin in the second trimester and depressive 

symptoms. The association might differ depending on the trimester or type of sample, 

such as saliva or blood samples. It has also been reported that plasma oxytocin levels are 

related to a variety of conditions (MacDonald and MacDonald, 2010). This needs further 

research that is controlled by the timing and the environment of sample collection. 

Multiple linear regression showed that maternal depressive symptoms in the third 

trimester predicted lower infant birth weight. This result supports Malaysian and 

Bangladeshi research (Nasreen et al.; 2010, Nasreen et al.; 2019). In both studies, Nasreen 

et al. found a significant association between the EPDS score of the third trimester and 

low birth weight. Meanwhile, maternal depressive symptoms in the second trimester did 

not predict lower infant birth weight in present study. Accortt et al. (2018) showed that 

depressive symptoms in early pregnancy did not associate with adverse perinatal 

outcome, such as low birth weight, preterm birth, small for gestational age. Maternal 

depressive symptoms may affect infant birth weight in late pregnancy rather than early 

pregnancy. In general, other maternal factors related to low birth weight are known, such 

as poor gestational weight gain, hypertensive disorders of pregnancy, short 

interpregnancy intervals (Hobel and Culhane, 2003; Imdad and Bhutta, 2013). Not only 

prevention of these factors, but also mental health care for depressive symptoms in late 

pregnancy might be important for infant birth weight. 

In the present study, maternal anxiety in the second trimester, and third trimester 

did not predict lower infant birth weight. The results of previous studies that examined 
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anxiety were inconsistent. Liou et al. (2016) investigated the Zung Self-reported Anxiety 

Scale and found a significant association between anxiety in the third trimester and low 

birth weight. Similarly, a Bangladeshi study reported that the third trimester’s trait anxiety 

score was related to low birth weight (Nasreen et al., 2010). Nevertheless, Nasreen et al. 

(2019) using the Depression Anxiety and Stress Scale, reported that prenatal anxiety was 

not related to low birth weight. Other studies that used a unique questionnaire also found 

no significant association (Yang et al., 2017; Dowse et al, 2020). Previous studies have 

used various indicators of anxiety; therefore, further research is needed using a uniform 

scale. 

This study has some limitations. First, because 81 primiparas participated from 

one research hospital, the generalizability of the research is limited. Moreover, we invited 

only primiparas for this study. Second, although we limited the environment of saliva and 

blood collection, we could not limit the timing sufficiently. Diurnal rhythms of cortisol 

and oxytocin have been reported (Eriksson et al., 1989; Lindow et al., 1996). In addition, 

these biomarkers were collected only once in the second trimester. For more accurate 

surveys, multiple collections within a limited time are needed. 

 

CONCLUSION 

In conclusion, maternal depressive symptoms in the third trimester predicted 

lower infant birth weight. Nevertheless, depressive symptoms in the second trimester and 

anxiety in the second and third trimester did not predict infant birth weight. Similarly, 

maternal plasma cortisol levels and salivary oxytocin levels in the second trimester were 

not related to infant birth weight. Maternal mental health care for depressive symptoms 

in late pregnancy might be important for infant birth weight increases. 

 

ACKNOWLEDGMENTS: 

The authors appreciate of the hospital who contribute to data collection, and the 

women who participated in this study. This work was supported by JSPS KAKENHI 

Grant Number JP18K17562. 

 

REFERENCES 

Abdollahi, F., Rohani, S., Sazlina, G. S., Zarghami, M., Azhar, M. Z., Lye, M. S., Abhari, 

F. R., Majidi, Z., Mozafari, S. (2014). Bio-psycho-socio-demographic and obstetric 

predictors of postpartum depression in pregnancy: A prospective cohort study. Iranian 

Journal of Psychiatry and Behavioral Sciences, 8(2), 11-21.  

http://www.ncbi.nlm.nih.gov/pmc/articles/pmc4105600/.  

Accortt, E. E., Lamb, A., Mirocha, J., Hobel, C. J. (2018). Vitamin D deficiency and 

depressive symptoms in pregnancy are associated with adverse perinatal outcomes. 

Journal of Behavioral Medicine. 41, 680-689. 

      https://doi.org/10.1007/s10865-018-9924-9.  

Bandoli, G., Jelliffe-Pawlowski, L. L., Feuer, S. K., Liang, L., Oltman, S. P., Paynter, R., 

Ross, K. M., Schetter, C. D., Ryckman, K. K., Chambers, C. D. (2018). Second 

trimester serum cortisol and preterm birth: an analysis by timing and subtype. Journal 

of Perinatology, 38(8), 973-981.  

https://doi.org/10.1038/s41372-018-0128-5.  

Bayrampour, H., McDonald, S., Tough, S. (2015). Risk of transient and persistent anxiety 

during pregnancy. Midwifery, 31(6), 582-598.  

https://doi.org/10.1016/j.midw.2015.02.009. 

Barker, E., Jaffee, S. R., Uher, R., Maughan, B. (2011). The contribution of prenatal and 

https://wmmjournal.org/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc4105600/
https://doi.org/10.1007/s10865-018-9924-9
https://doi.org/10.1038/s41372-018-0128-5
https://doi.org/10.1016/j.midw.2015.02.009


 

Kanekasu et.al., / Women, Midwives and Midwifery : Volume 1, Issue 2, 2021 https://wmmjournal.org 

 

11 

 

postnatal maternal anxiety and depression to child maladjustment. Depression and 

Anxiety, 28(8), 696-702. https://doi.org/10.1002/da.20856.  

Bennett, H. A., Einarson, A., Taddio, A., Koren, G., Einarson, T. R. (2004). Prevalence of 

depression during pregnancy: Systematic review. Obstetrics and Gynecology, 103(4), 

698-709. https://doi.org/10.1097/01.aog.0000116689.75396.5f.  

Bowen, A., Bowe, R., Butt, P., Pahman, K., Muhajarine, N. (2012). Patterns of depression 

and treatment in pregnant and postpartum women. Canadian Journal of Psychiatry, 

57(3), 161-167. https://doi.org/10.1177/070674371205700305.  

Cankorur, V. S., Abas, M., Berksun, O., Stewart, R. (2015). Social support and the 

incidence and persistence of depression between antenatal and postnatal examinations 

in Turkey: A cohort study. BMJ Open, 5(4), e006456.  

https://doi.org/10.1136/bmjopen-2014-006456.  

Carter, C. S., Pournajafi-Nazarloo, H., Kramer, K. M., Ziegler, T. E., White-Traut, R., 

Bello, D., Schwartz, D. (2007). Oxytocin: behavioral associations and potential as a 

salivary biomarker. Annals of the New York Academy of Sciences, 1098(1), 312-322.  

https://doi.org/10.1196/annals.1384.006.  

Chang, H. Y., Keyes, K. M., Lee, K. S., Choi, I. A., Kim, S. J., Kim, K. W., Shin, Y. H., 

Ahn, K. M., Hong, S. J., Shin, Y. J. (2014). Prenatal maternal depression is associated 

low birth weight through shorter gestational age in term infants in Korea. Early 

Human Development, 30(1), 15-20. 

      https://doi.org/10.1016/j.earlhumdev.2013.11.006.  

Cho, J., Su, X., Holdotch-Davis, D. (2017). Association of maternal testosterone and 

cortisol level with health outcomes of mothers and their very-low-birthweight infants. 

Biological Research for Nursing, 19(4), 409-418.  

https://doi.org/10.1177/1099800417703704.  

Choi, S. K., Park, Y. G., Park, I. Y., Ko, H. S., Shin, J. C. (2014). Impact of antenatal 

depression on perinatal outcomes and postpartum depression in Korean women. 

Journal of Research in Medical Sciences, 19(9), 807-12.  

http://www.ncbi.nlm.nih.gov/pmc/articles/pmc4268186/.  

Cox, J. L., Holden, J. M., Sagovsky, R. (1987). Detection of postnatal depression. 

Development of the 10-item Edinburgh postnatal depression scale. The British 

Journal of Psychiatry, 150, 782-786. https://doi.org/10.1192/bjp.150.6.782.   

Dowse, E., Chan, S., Elbert, L., Wynne, O., Thomas, S., Jones, D., Fealy, S., Evans, T. J., 

Oldmeadow, C. (2020). Impact of perinatal depression and anxiety on birth outcomes: 

a retrospective date analysis. Maternal and Child Health Journal, 24(6), 718-126.  

https://doi.org/10.1007/s10995-020-02906-6.  

Duffy, A. R., Schminkey, D. L., Groer, M. W., Shelton, M., Dutra, S. (2018). Comparison 

of hair cortisol levels and perceived stress in mother who deliver at preterm and term. 

Biological research for nursing, 20(3), 292-299.  

https://doi.org/10.1177/1099800418758952/.  

Eriksson, L., Edén, S., Holsr, J., Lindstedt, G., von Schoultz, B. (1989). Diurnal variations 

in thyrotropin, prolactin and cortisol during human pregnancy. Gynecologic and 

obstetric investigation, 27, 78-83. https://doi.org/10.1159/000293623.  

Field, T., Diego, M., Hernandez-Reif, M., Figueiredo, B., Deeds, O., Ascencio, A., … 

Kuhn, C. (2010). Comorbid depression and anxiety effects on pregnancy and neonatal 

outcome. Infant behavior & development, 33(1), 23-29. 

https://doi.org/10.1016/j.infbeh.2009.10.004.  

Flynn, H. A., McBride, N., Cely, A., Wang, Y., DeCesare, J. (2015). Relationship of 

prenatal depression and comorbiditied to infant outcomes. CNS Spectrums, 20(1), 20-

https://wmmjournal.org/
https://doi.org/10.1002/da.20856
https://doi.org/10.1097/01.aog.0000116689.75396.5f
https://doi.org/10.1177/070674371205700305
https://doi.org/10.1136/bmjopen-2014-006456
https://doi.org/10.1196/annals.1384.006
https://doi.org/10.1177/1099800417703704
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc4268186/
https://doi.org/10.1192/bjp.150.6.782
https://doi.org/10.1007/s10995-020-02906-6
https://doi.org/10.1177/1099800418758952/
https://doi.org/10.1159/000293623
https://doi.org/10.1016/j.infbeh.2009.10.004


 

Kanekasu et.al., / Women, Midwives and Midwifery : Volume 1, Issue 2, 2021 https://wmmjournal.org 

 

12 

 

28. https://doi.org/10.1017/S1092852914000716. 

Gavin, N. I., Gaynes, B. N., Lohr, K. N., Meltzer-Brody, S., Gartlehner, G., Swinson, T. 

(2005). Perinatal depression: A systematic review of prevalence and incidence. 

Obstetrics & Gynecology, 106(5), 1071-1083.  

https://doi.org/10.1097/01.aog.0000183597.31630.db.  

Heinrichs, M., Domes, G. (2008). Neuropeptide and social behavior: effect of oxytocin 

and vasopressin in human. Progress in Brain Research, 170, 337-350.  

https://doi.org/10.1016/s0079-6123(08)00428-7. 

Hobel C, Culhane J. (2003). Role of psychosocial and nutritional stress on poor pregnancy 

outcome. The Journal of Nutrition, 133(5), 1709S-1717S.  

https://doi.org/10.1093/jn/133.5.1709s.  

Ibanez, G., Charles, M. A., Forhan, A., Magnin, G., Thiebaugeorges, O., Kaminski, M., 

Saurel-Cubizolles, M. J. (2012). Depression and anxiety in women during pregnancy 

and neonatal outcome: Data from the EDEN mother-child cohort. Early Human 

Development, 88(8), 643-649. https://doi.org/10.1016/j.earlhumdev.2012.01.014. 

Imdad, A., Bhutta, Z. A. (2013). Nutritional management of the low birth weight/preterm 

infant in community settings: a perspective from the developing world. The Journal 

of Pediatrics, 162(3), S107-14. https://doi.org/10.1016/j.jpeds.2012.11.060.  

Ishikawa, N., Goto, S., Murase, A., Kanai, A., Masuda, T., Aleksic, B., Usui, H., Ozaki, 

N. (2011). Prospective study of maternal depressive symptomatology among Japanese 

women. Journal of Psychosomatic Research, 71(4), 264–269.  

https://doi.org/10.1016/j.jpsychores.2011.02.001.  

Jairaj, C., Fitzsimons, C. M., McAuliffe, F. M., O’Leary, N., Joyce, N., McCarthy, A., 

Cassidy, E., Donnelly, J., Tully, E., Imcha, M., Austin, J., Doolin, K., Farrell, C., 

O’Keane1, V. (2019). A population survey of prevalence rates of antenatal depression 

in the Irish obstetric services using the Edinburgh postnatal depression scale (EPDS). 

Archives of Women's Mental Health, 22, 349-355. 

     https://doi.org/10.1007/s00737-018-0893-3.  

Koyama, A., Okumi, H., Matsuoka, H., Makimura, C., Sakamoto, R., Sakai, K. (2016). 

The physical and psychological problems of immigrants to Japan who require 

psychosomatic care: a retrospective observation study. BioPsychoSocial Medicine, 10, 

7. https://doi.org/10.1186/s13030-016-0052-x.  

Kramer, M. S., Lydon, J., Séguin, L., Goulet, L., Kahn, S. R., McNamara, H., Genest, J., 

Dassa, C., Chen, M. F., Sharma, S., Meaney, M. J., Thomson, S., Uum, S. V., Koren, 

G., Dahhou, M., Lamoureux, J., Platt, R. W. (2009). Stress pathways to spontaneous 

preterm birth: The role of stressors, psychological distress, and stress hormones. 

American Journal of Epidemiology, 169(11), 1319-1326. 

     https://doi.org/10.1093/aje/kwp061.  

Lau, Y., Htun, T. P., Kwong, H. K. D. (2018). Sociodemographic, obstetric characteristics, 

antenatal morbidities, and perinatal depressive symptoms: a three-wave prospective 

study. PLOS ONE, 13, e0188365. https://doi.org/10.1371/journal.pone.0188365.  

Levine, A., Zagoory-Sharon, O., Feldman, R., Lewis, J. G., Weller, A. (2007). Measuring 

cortisol in human psychobiological studies. Physiology & Behavior, 90(1) 43-53.  

https://doi.org/10.1016/j.physbeh.2006.08.025.  

Lindow, S. W., Newham, A., Hendricks, M. S., Tompson, J. W., van der Spuy, Z. M. 

(1996). The 24-hour rhythm of oxytocin and β-endorphin secretion in human 

pregnancy. Clinical Endocrinology, 45(4). 443-446. https://doi.org/10.1046/j.1365-

2265.1996.8290840.x.  

Liou, S. R., Wang, P., Cheng, C. Y. (2016). Effects of prenatal maternal mental distress 

https://wmmjournal.org/
https://doi.org/10.1017/S1092852914000716
https://doi.org/10.1097/01.aog.0000183597.31630.db
https://doi.org/10.1016/s0079-6123(08)00428-7
https://doi.org/10.1093/jn/133.5.1709s
https://doi.org/10.1016/j.earlhumdev.2012.01.014
https://doi.org/10.1016/j.jpeds.2012.11.060
https://doi.org/10.1016/j.jpsychores.2011.02.001
https://doi.org/10.1007/s00737-018-0893-3
https://doi.org/10.1186/s13030-016-0052-x
https://doi.org/10.1093/aje/kwp061
https://doi.org/10.1371/journal.pone.0188365
https://doi.org/10.1016/j.physbeh.2006.08.025
https://doi.org/10.1046/j.1365-2265.1996.8290840.x
https://doi.org/10.1046/j.1365-2265.1996.8290840.x


 

Kanekasu et.al., / Women, Midwives and Midwifery : Volume 1, Issue 2, 2021 https://wmmjournal.org 

 

13 

 

on birth outcomes. Women and Birth, 29(4), 376-380.  

https://doi.org/10.1016/j.wombi.2016.03.004.  

MacDonald, K., MacDonald, T. M. (2010). The peptide that binds: A systematic review 

of oxytocin and its prosocial effects in humans. Harvard Review of Psychiatry, 18(1), 

1-21. https://doi.org/10.3109/10673220903523615.  

Makhoul, I., Awad, E., Tamir, A., Weintraub, Z., Rotschild, A., Bader, D., Yurman, S., 

Reich, D., Bental, Y., Jammalieh, J., Smolkin, T., Sujov, P., Hochberg, Z. (2009). 

Parental and perinatal factors affecting childhood anthropometry of very‐low‐birth‐

weight premature infants: A population‐based survey. Acta Paediatrica, 98(6), 963-

969.  https://doi.org/10.1111/j.1651-2227.2009.01242.x.  

Mohammad, K. I., Gamble, J., Creedy, D. K. (2011). Prevalence and factors associated 

with the development of antenatal and postnatal depression among Jordanian women. 

Midwifery, 27(6), e238-245. https://doi.org/10.1016/j.midw.2010.10.008. 

Mother’s & Children’s Health Organization. (2019), Maternal and child health statistics 

of Japan. (pp. 42-49). Tokyo: Mother’s & Children’s Health Organization. (in 

Japanese). 

Moura, D., Canavarro, M. C., Figueiredo-Braga, M. (2016). Oxytocin and depression in 

the perinatal period – a systematic review. Archives of Women s Mental Health, 19, 

561-570. https://doi.org/10.1007/s00737-016-0643-3. 

Murray, D., Cox, J. L. (1990). Screening for depression during pregnancy with the 

Edinburgh depression scale (EDDS). Journal of Reproductive and Infant Psychology, 

8(2), 99-107. https://doi.org/10.1080/02646839008403615.  

Nakamura, Y., Okada, T., Morikawa, M., Yamauchi, A., Sato, M., Ando, M., Ozaki, N. 

(2020). Perinatal depression and anxiety of primipara is higher than that of multipara 

in Japanese women. Scientific reports, 10(1):17060. 

      https://doi.org/10.1038/s41598-020-74088-8. 

Nakazato, N., Mizuguti, T. (1982). Development and validation of Japanese version of 

state-trait anxiety inventory – A study with female subjects. Japanese Journal of 

Psychosomatic Medicine, 22(2), 107-112 (in Japanese).  

https://doi.org/10.15064/jjpm.22.2_107.  

Nasreen, H. E., Kabir, Z. N., Forsell, Y., Edhborg, M. (2010). Low birth weight in 

offspring of women with depressive and anxiety symptoms during pregnancy in 

Bangladesh. BMC Public Health, 10, 515. https://doi.org/10.1186/1471-2458-10-515.  

Nasreen, H. E., Pasi, H. B., Rifin, S. M., Aris, M. A. M., Rahman, J. A., Rus, R. M., 

Edhborg, M. (2019). Impact of maternal antepartum depressive and anxiety symptom 

on birth outcomes and mode of delivery: a prospective cohort study in east and west 

coasts of Malaysia. BMC Pregnancy and Childbirth, 19, 201.  

https://doi.org/10.1186/s12884-019-2349-9.  

Nordeng, H., van Gelder, M. M., Spigset, O., Koren, G., Einarson, A., Eberhard-Gran, M. 

(2012). Pregnancy outcome after exposure to antidepressant and the role of maternal 

depression: result from the Norwegian mother and child cohort study. Journal of 

Clinical Psychopharmacology, 32(2), 186-194.  

https://doi.org/10.1097/JCP.0b013e3182490eaf.  

Okano, T., Murata, M., Masuji, F., Tamaki, R., Nomura, J., Miyako, H., Kitaura, T. (1996). 

Validation and reliability of Japanese version of the EPDS. Archives of Psychiatric 

Diagnostics and Clinical Evaluation, 7, 525-533 (in Japanese). 

Ohara, M., Okada, T., Aleksic, B., Morikawa, M., Kubota, C., Nakamura, Y., Shiino, T., 

Yamauchi, A., Uno, Y., Murase, S., Goto, S., Kanai, A., Masuda, T., Nakatochi, M., 

Ando, M., Ozaki, N. (2018). Social support helps protect against perinatal bonding 

https://wmmjournal.org/
https://doi.org/10.1016/j.wombi.2016.03.004
https://doi.org/10.3109/10673220903523615
https://doi.org/10.1111/j.1651-2227.2009.01242.x
https://doi.org/10.1016/j.midw.2010.10.008
https://doi.org/10.1007/s00737-016-0643-3
https://doi.org/10.1080/02646839008403615
https://doi.org/10.1038/s41598-020-74088-8
https://doi.org/10.15064/jjpm.22.2_107
https://doi.org/10.1186/1471-2458-10-515
https://doi.org/10.1186/s12884-019-2349-9
https://doi.org/10.1097/JCP.0b013e3182490eaf


 

Kanekasu et.al., / Women, Midwives and Midwifery : Volume 1, Issue 2, 2021 https://wmmjournal.org 

 

14 

 

failure and depression among mothers: a prospective cohort study. Scientific Reports, 

7(1), 9546. https://doi.org/10.1038/s41598-017-08768-3. 

Rose, M. S., Pana, G., Premji, S. (2016). Prenatal maternal anxiety as a risk factor for 

preterm birth and the effects of heterogeneity on this relationship: A systematic review 

and meta-analysis. BioMed Research International, 8312158.  

https://doi.org/10.1155/2016/8312158. 

Rubertsson, C., Wickberg, B., Gustavsson, P., Rådestad, I. (2005). Depressive symptoms 

in early pregnancy, two months and one year postpartum-prevalence and psychosocial 

risk factors in a national Swedish sample. Archives of Women's Mental Health, 8(2), 

97-104. https://doi.org/10.1007/s00737-005-0078-8.  

Saigal, S., Doyle, L. W. (2008). An overview of mortality and sequelae of preterm birth 

from infancy to adulthood. The Lancet, 371(9608), 261-269.  

https://doi.org/10.1016/S0140-6736(08)60136-1.  

Sato, K. (2006). Severity of anxiety and related factors among women during gravid and 

puerperal period. Journal of Japan Academy of Midwifery, 20(2), 47-84 (in Japanese).  

https://doi.org/10.3418/jjam.20.2_74.  

Seth, S., Lewis, A. J., Galbally, M. (2016). Perinatal maternal depression and cortisol 

function in pregnancy and the postpartum period: a systematic literature review. BMC 

Pregnancy and Childbirth, 16, 124. https://doi.org/10.1186/s12884-016-0915-y.  

Spielberger, C. D., Gonzalez-Reigosa F., Martinez-Urrutia, A. (1971). Development of 

the Spanish edition of the State-Trait Anxiety Inventory. Revista Interamericana de 

Psicología, 5(3-4), 145-158. 

Sugishita, K., Kamibeppu, K. (2013). Relationship between and postpartum depression 

to use EPDS. Japanese Journal of Maternal Health, 53(4), 444-450 (In Japanese). 

Staneva, A., Bogossian, F., Pritchard, M., Wittkowski, A. (2015). The effects of maternal 

depression, anxiety, and perceived stress during pregnancy on preterm birth: A 

systematic review. Women and Birth, 28(3), 179-193.  

https://doi.org/10.1016/j.wombi.2015.02.003.  

Straub, H., Adams, M., Kim, J. J., Silver, R. K. (2012). Antenatal depressive symptoms 

increase the likelihood of preterm birth. American Journal of Obstetrics and 

Gynecology, 207(4), 329.e1-4. https://doi.org/10.1016/j.ajog.2012.06.033.  

Takehara, K., Tachibana, Y., Yoshida, K., Mori, R., Kakee, N., Kubo, T. (2018). 

Prevalence trends of pre- and postnatal depression in Japanese women: A population-

based longitudinal study. Journal of Affective Disorders, 225, 389-394.  

https://doi.org/10.1016/j.jad.2017.08.008.  

Teixeira, C., Figueiredo, B., Conde, A., Pacheco, A., Costa, R. (2009). Anxiety and 

depression during pregnancy in women and men. Journal Affective Disorders, 119(1-

3), 142-148. http://doi.org/10.1016/j.jad.2009.03.005.  

Tsao, Y., Creedy, D. K., Gamble, J. (2016). A comparison of life stress and depressive 

symptoms in pregnant Taiwanese and immigrant women. The Journal of Nursing 

Research, 24(3), 272-281. https://doi.org/10.1097/jnr.0000000000000137. 

United Nations, (2020). UN data. A world of information. [Cited 20 May 2020.] Available 

from URL: http://data.un.org/Default.aspx.  

Yang, S., Yang, R., Liang, S., Wang, J., Weaver, N. L., Hu, K., Hu, R., Trevathan, E., 

Huang, Z., Zhang, Y., Yin, T., Chang, J. J., Zhao, J., Shen, L., Dong, G., Zheng, T., 

Xu, S., Qian, Z., Zhang, B. (2017). Symptoms of anxiety and depression during 

pregnancy and their association with low birth weight in Chinese women: a nested 

case control study. Archives of Women s Mental Health, 20, 283-290.  

      https://doi.org/10.1007/s00737-016-0697-2.  

https://wmmjournal.org/
https://doi.org/10.1038/s41598-017-08768-3
https://doi.org/10.1155/2016/8312158
https://doi.org/10.1007/s00737-005-0078-8
https://doi.org/10.1016/S0140-6736(08)60136-1
https://doi.org/10.3418/jjam.20.2_74
https://doi.org/10.1186/s12884-016-0915-y
https://doi.org/10.1016/j.wombi.2015.02.003
https://doi.org/10.1016/j.ajog.2012.06.033
https://doi.org/10.1016/j.jad.2017.08.008
http://doi.org/10.1016/j.jad.2009.03.005
https://doi.org/10.1097/jnr.0000000000000137
https://doi.org/10.1007/s00737-016-0697-2


 

Kanekasu et.al., / Women, Midwives and Midwifery : Volume 1, Issue 2, 2021 https://wmmjournal.org 

 

15 

 

Yamanishi, T., Tachibana, H., Oguru, M., Matsui, K., Toda, K., Okuda, B., Oka, N. (2013). 

Anxiety and depression in patients with Parkinson’s disease. Internal Medicine, 52(5), 

539-545. https://doi.org/10.2169/internalmedicine.52.8617.  

Zelkowiz, P., Gold, I., Feeley, N., Hayton, B., Carter, C. S., Tulandi, T., Abenhaim, H. A., 

Levin, R. (2014). Psychosocial stress moderates the relationships between oxytocin, 

perinatal depression, and maternal behavior. Hormones and Behavior, 66(2), 351-360.  

https://doi.org/10.1016/j.yhbeh.2014.06.014.  

https://wmmjournal.org/
https://doi.org/10.2169/internalmedicine.52.8617
https://doi.org/10.1016/j.yhbeh.2014.06.014

