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Abstract In a nationwide population-based birth cohort study in Japan, pregnant women and their partners were evaluated for
psychological distress as part of the first and second/third trimester health checks. Participants were divided into three groups: an

infertility group receiving assisted reproductive technology (ART) treatment (239 mothers and 151 fathers); an infertility group
receiving non-ART treatment (350 mothers and 215 fathers); and a spontaneous pregnancy group (8514 mothers and 5110 fathers).
Data on maternal and child health as well as basic characteristics were collected via medical records and self-administered
questionnaires. The Kessler Six-item Psychological Distress Scale was employed for eligible women and their partners. Multivariate
logistic regression analysis was used to evaluate the association between psychological distress experienced during pregnancy and
ART treatment, with adjustment for potential confounders such as basic health status and socio-economic status. The mothers who
received ART treatment suffered less psychological distress than the mothers in the other two groups. In multivariate analysis
adjusted for background characteristics, no significant association was observed between persistent maternal distress and ART
1 Members of the JECS Group are listed in Appendix.
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treatment (adjusted odds ratio 0.79, 95% confidence interval 0.49–1.26). Higher socio-economic status among couples receiving ART
treatment may explain, in part, the lack of association between ART treatment and parental distress during pregnancy.

© 2017 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

Techniques of assisted reproductive technology (ART) such
as in-vitro fertilization (IVF) and intracytoplasmic sperm
injection (ICSI) are well-established, widely accepted treat-
ments that are being used increasingly often in Japan as a
consequence of the growing popularity of delayed marriage.
The number of babies born following ART treatment is
increasing each year, and reached 42,554 in 2013 (Japan
Society of Obstetrics and Gynecology, 2013), equivalent to
4.2% of total births or one per 24 live births. The adverse
influence of ART treatment on perinatal outcomes has been
investigated (Hansen et al., 2002; Niemitz and Feinberg,
2004). However, the precise causes of these pregnancy
complications are not yet fully understood, and previous
systematic reviews suggest that there still seems to be great
anxiety about the risks of ART treatment among some
infertile couples (Gourounti, 2016; Hammarberg et al.,
2008), especially with regard to the survival of the fetus
and early parenting difficulties (Hammarberg et al., 2008).
Several studies have suggested that psychological distress
during pregnancy has a negative effect on perinatal
outcomes (Fransson et al., 2011; Lederman et al., 2004;
Meng et al., 2012; Mulder et al., 2002; Rahman et al., 2007;
Straub et al., 2012). In addition, based on the fetal
programming hypotheses, some researchers have suggested
that depression or anxiety during pregnancy might disturb
the behavioural and emotional development of children
(Field, 2011; O'Connor et al., 2003, 2005; Sharp et al., 2015).

There is evidence that the experience of undergoing ART
treatment is stressful for both women and men (Freeman
et al., 1985; Hjelmstedt et al., 2003; Monti et al., 2009, 2015).
ART treatment was shown to be associated with maternal
depression during late pregnancy and early parenthood (Monti
et al., 2009), and the number of previous ART cycles was
reported to be the strongest predictor of maternal depressive
symptoms in the early postpartum period (Monti et al., 2015).
The most important psychological determinant of reactions
of couples during IVF was suggested to be the uncertainty of
treatment procedures (Boivin et al., 1998). Spouses appeared
to be equally sensitive to this uncertainty, and responded
to it with ambivalent feelings involving emotional distress
(Boivin et al., 1998).

On the other hand, several small-scale studies in Western
countries have reported inconsistent findings in parents
after a successful ART pregnancy (Colpin and Soenen, 2002;
Fisher et al., 2008; Gibson et al., 2000; Golombok et al.,
1995; Hjelmstedt et al., 2003; Jongbloed-Pereboom et al.,
2012). Some studies reported that such couples were more
anxious about losing the pregnancy than those with spon-
taneous conception (Hjelmstedt et al., 2003). Other studies
reported that very few women who had received ART
treatment had clinically significant mood disturbance in
late pregnancy (Fisher et al., 2008), and that the quality of
parenting in families with a child conceived by ART was
superior to that shown by families with a naturally conceived
child (Golombok et al., 1995). However, some reports have
suggested that there are no differences in mental distress
during parenting between women who conceive via ART and
those who do so spontaneously (Colpin and Soenen, 2002;
Gibson et al., 2000), and ART treatment was not found to
be associated with parental anxiety 1 year after childbirth
(Jongbloed-Pereboom et al., 2012). These findings are,
however, difficult to compare with each other since there
is a great diversity between studies in terms of sample size,
nationality, confounders, statistical analyses and evaluation
methodology of psychological distress (e.g. assessment of
timing of distress).

Since ART treatment is very expensive, it sometimes
imposes a considerable economic burden on infertile couples
(Bitler and Schmidt, 2012). In addition, they need a certain
amount of education and knowledge to understand its
efficacy and demerits. Interestingly, a Norwegian birth
cohort study (Nilsen et al., 2013) reported that high socio-
economic status and ART treatment were associated with
first-time fathers of advanced age. Thus, societal charac-
teristics related to ART treatment may somehow mediate
the relationship between ART and emotional distress among
parents undergoing the procedures. Although such societal
characteristics are likely to be affected by cultural back-
ground, epidemiological evidence on non-Caucasian popula-
tions is very scarce as the majority of previous
epidemiological studies have been conducted in Western
countries. Growing evidence indicates a suite of generalized
differences in attentional and cognitive processing, as well as
emotion expression, between the Japanese and Westerners
(Kuwabara and Smith, 2012; Uchida et al., 2009). For
example, emotions are understood as between people in
the Japanese context, whereas in the Western context, they
are understood as primarily within people (Uchida et al.,
2009). Thus, psychological distress related to ART treatment
may be experienced differently by Japanese couples com-
pared with Western couples.

Summarizing the previous findings, while mothers receiv-
ing ART treatment are likely to suffer from pregnancy-specific
anxiety, the evidence regarding the association between
maternal psychological distress during pregnancy and ART
treatment are inconclusive even in Western populations,
especially for findings relating to general anxiety levels,
which may be inconclusive due to methodological limitations
and differences between studies (Gourounti, 2016). For
example, the majority of previous studies did not clarify
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7ART and psychological distress during pregnancy
whether psychological assessment was carried out before,
during or after pregnancy (Gourounti, 2016). These method-
ological limitations might be resolved, at least partially, by
large-scale epidemiological studies.

The Japan Environment and Children’s Study (JECS) is a
large, nationwide longitudinal birth genome-cohort study
funded by the Ministry of the Environment of Japan, with
approximately 100,000 participants (Kawamoto et al.,
2014). The present study aimed to evaluate the association
between parental psychological distress, including mild
depression and anxiety, in infertile couples receiving ART
treatment compared with those receiving non-ART treat-
ment (ovulatory induction and assisted insemination by
husband [AIH]), and fertile couples who conceived sponta-
neously. This was done using longitudinal data obtained
during the first trimester (T1) and the second/third
trimester (T2) of the pregnancy. Although previous findings
were inconsistent, it was hypothesized that Japanese
couples who receive ART treatment would have more
psychological distress than those who conceive spontane-
ously, since undergoing ART treatment has been reported to
be a psychological burden for infertile Japanese couples in
several published reports (Hayashitani and Suzui, 2009; Mori,
2012; Mori et al., 1997; Sasaki, 2014). To the authors’
knowledge, this is the first epidemiological study regarding
the association between ART treatment and parental
distress in a non-Caucasian population.
Fig. 1 Flowchart to identify the study population. Of the 9764
miscarriage or stillbirth were excluded to leave 9505 women in the f
those with missing data on depression in the second/third trimester
population. ART, assisted reproductive technology; K6, Kessler Six-i
Materials and methods

Study participants

The details of the JECS recruitment and sampling strategy,
as well as data collection procedures, are reported else-
where (Kawamoto et al., 2014). JECS aims to evaluate the
effects of environmental factors on children’s health and
development from early pregnancy until their 13th birthday.
Recruitment was performed in 15 regions of Japan by
regional unit centres from January 2011 to March 2014. The
present study is based on the data set ‘jecs-ag-ai-20131008’,
which was released in October 2013. In total, 10,228
pregnant women (fetal records) were analysed in this
study. The pregnant women were first recruited to partici-
pate in JECS when they were in T1, and were asked to provide
written informed consent for the study. Fathers were also
recruited in the same period. The next questionnaire study
was conducted in T2. In the present investigation, the study
population consisted of 10,228 pregnant women (fetal
records) (Fig. 1), 723 of whom were excluded because of
multiple births or lack of information regarding ART
treatment (n = 219); a history of schizophrenia, cancer or
stroke (n = 132); miscarriage or stillbirth during the period (n
= 113); and non-response to the T1 questionnaire (n = 259). As
the current data were collected per embryo, duplicate data
from parents undergoing higher-order pregnancies were
pregnant women, those with serious diseases or a history of
irst trimester survey (T1 questionnaire). After further excluding
survey (T2 questionnaire), 9103 women remained as the study

tem Psychological Distress scale.Fig. 1.
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excluded. As the association between ART treatment and
distress in the context of multiple births is of considerable
interest, this matter is the subject of a forthcoming study
based on a nationwide sample (the present preliminary study
is based on data from one regional unit and has a relatively
small sample size, especially for multiple births). Mothers
with a history of cancer were excluded since they were
considered to have more severe depressive or anxiety
symptoms compared with those without such a history,
regardless of whether or not they received ART treatment.

Thus, data were collected on a total of 9505 women.
After excluding another 402 mothers whose distress scores
were missing, the subjects were classified into three groups:
a group who received ART treatment (IVF or ICSI) (239
pregnant women and 151 fathers); a group who received
non-ART treatment (ovulatory induction and AIH) (350
pregnant women and 215 fathers); and a group who
conceived spontaneously (8514 mothers and 5110 fathers).
The proportions of missing data for the distress scale did not
differ significantly between the three groups (P = 0.51 for
mothers and 0.63 for fathers), indicating that there was no
significant bias caused by missing values. For the analysis of
fathers alone, a total of 5597 subjects were eligible due to
differences in missing values for the distress score between
the couples. The three groups were further divided into
primipara and multipara subgroups.

In Japan, only ovulatory induction is covered by the
public health insurance system, while AIH and ART treat-
ment are covered by private health insurance. Therefore, if
couples who seek ART treatment do not have private health
insurance, they must cover the high cost of treatment
themselves.

Data on parental and child health, as well as basic
characteristics, were collected using medical records and
self-administered questionnaires. The data collection was
mainly focused on mothers, including details about past
illnesses, current pregnancy and delivery complications,
delivery mode, neonatal abnormalities, feelings about the
current pregnancy (assessed by one simple question, ‘how
did you feel when you became aware of your current
pregnancy?’), and their relationship with their husband.
Information on socio-economic factors (e.g. education and
family income) and daily habits (e.g. drinking and smoking),
as well as subjective health condition [assessed by the
Medical Outcomes Study 8-Item Short-Form Health Survey
(SF-8 score)], was obtained for both mothers and fathers.
This study was approved by the Ethics Committee of the
National Institute for Environmental Studies, the core centre
of JECS. Written informed consent was obtained from all
participants.
Assessment of psychological distress

Psychological distress during pregnancy was measured using
the Kessler Six-item Psychological Distress (K6) scale (Kessler
et al., 2002, 2003). A Japanese version of the K6 scale was
developed recently using the standard back-translation
method, and shown to have excellent reliability and validity
as a tool for mental health assessment (Furukawa et al.,
2008; Nishi et al., 2012; Sakurai et al., 2011). The K6 scale
consists of six questions that assess non-specific psychological
distress (depressive moods and anxiety) on a five-point scale
ranging from 0 to 4. The sum of the scores for the six items,
ranging from 0 to 24, is used to indicate the degree of
psychological distress. A cut-off score of 5 is used to identify
cases of depression and anxiety, including mild depression.
This definition is based on previous evidence collected in
Japan (Sakurai et al., 2011). The K6 scale was chosen for JECS
as it has only six items, so it is not a burden to complete. A K6
score≥5 at both T1 and T2 was defined as persistent distress.

Basic characteristics

The basic characteristics of the study subjects who par-
ticipated in the T1 survey are summarized in Table 1.
Information on age, marital status, feelings toward the
current pregnancy, past history of mental illness, maternal
smoking and drinking, and the K6 questionnaire was obtained
in T1. In addition, information about family income, couple's
educational level, quality of couple's relationship, stressful
life events and the K6 questionnaire were obtained in
T2. Comorbidities during pregnancy and delivery as well as
neonatal health were checked by doctors using medical
records.

Low family income, defined by the annual revenue of
the household, was categorized as an annual income of
4,000,000 Japanese yen or less. A low educational level was
defined by the highest academic background, and catego-
rized as graduating from high school or less. A past history of
mental illness included depression, anxiety disorder, schizo-
phrenia and somatoform autonomic dysfunction suffered
before pregnancy. These disorders were ascertained by self-
administered questionnaire that included items regarding
history of such disorders. If the participants with a past
history or under treatment for such disorders checked these
items, they were regarded as having a history of such mental
disorders. ‘Not married’ was defined as never married,
divorced or bereaved. Stressful life events included miscel-
laneous events such as death or illness of family members,
debt, job loss or the death of a friend.

Data analysis

Analyses regarding categorical and continuous variables were
conducted using the chi-squared test or analysis of variance
(ANOVA), respectively. The K6 scores of those who conceived
following infertility treatment (ART and non-ART) and those
who achieved spontaneous pregnancy were compared sepa-
rately for primipara and multipara status by one-way ANOVA
followed by the multiple-comparison Scheffe test.

The association between distress during pregnancy and
ART treatment was evaluated, and odds ratios were cal-
culated using multivariate logistic regression analyses. In two
models (1 and 2) of multivariate logistic regression analysis,
the dependent variable was psychological distress, defined
as a K6 score ≥5. Model 1 was adjusted for age alone, as
shown in Table 1. In Model 2, further adjustment was made
for all selected basic characteristics: maternal/paternal age,
maternal history of mental disorders (depression, anxiety,
somatoform autonomic dysfunction), autoimmune diseases
(collagenosis, systemic lupus erythematosus, rheumatism,
other autoimmune and immune diseases), endocrine diseases



Table 1 Characteristics of the couples who conceived following assisted reproductive technology (ART) treatment, non-ART
treatment and spontaneously.

Characteristic ART a

(n = 249)
Non-ART b

(n = 370)
Spontaneous
(n = 8886)

Mothers % % %
Age (years) (SD) 36.2 (3.9) 33.0 (4.0) 30.9 (5.0)
Primipara 48.4 40.9 30.2
Education: high school or less 23.6 21.9 37.7
Annual income ≤4,000,000 Japanese yen 22.9 30.3 42.2
Not married c 0.4 0.3 4.5
Three or fewer family members 84.7 84.6 63.7
Current smoking d 3.2 9.8 19.9
Current drinking 9.2 8.7 9.9
Stressful life events 38.8 39.4 46.0
Not pleased at discovery of pregnancy 0.4 1.1 10.4
Insults from husband during pregnancy 7.9 8.2 14.3
Quarrelling between couple during pregnancy 0.0 0.6 1.5
Weight loss after pregnancy 18.8 27.0 20.1
Poor physical health e 76.2 75.1 71.6
Complications during pregnancy 19.3 15.8 12.4
Abnormal delivery 56.2 50.1 44.1
Neonatal physical abnormality 10.1 5.9 6.5

Fathers
Age (years) (SD) 38.0 (5.3) 34.8 (5.5) 32.8 (5.8)
Education: high school or less 33.1 31.4 46.4
Poor physical health e 40.3 28.1 33.9

History of maternal disorders before pregnancy
Depression 0.8 3.2 2.9
Somatoform autonomic dysfunction 4.0 5.1 3.6
Anxiety disorders 2.0 3.5 2.6
Autoimmune diseases 1.6 1.4 0.8
Endocrine diseases 6.8 4.1 2.5
Musculoskeletal diseases 4.8 2.2 2.4

SD, standard deviation.
The values are percentages unless otherwise specified. Those with missing values were excluded.
a In-vitro fertilization or intracytoplasmic sperm injection.
b Ovulatory induction or artificial fertilization.
c Never married, divorced or bereaved.
d Smoking at present or ceased smoking on discovery of pregnancy.
e SF-8 score ≤50.
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(type I and II diabetes mellitus, gestational diabetes, hyper-
and hypothyroidism, other endocrine diseases), musculoskel-
etal diseases (congenital dislocation of the hip, scoliosis,
other musculoskeletal disorders), feelings on discovery of
pregnancy, parental education, economic status, maternal
smoking and drinking, maternal/paternal subjective physical
health, comorbidity during pregnancy and delivery, neonatal
health, weight change due to pregnancy, and discord in the
husband–wife relationship. Although neonatal health and
maternal weight change due to pregnancy may be related
to postpartum depression, they were also adjusted for as
the combined status of ART treatment and depression during
pregnancy was considered to affect these factors. These
factors were selected since they could be regarded as
potentially confounding factors between ART treatment
and parental psychological distress during pregnancy. They
were included in the regression models as indicator variables
representing categories of such factors as shown in Table 1.
Regarding maternal history of disorders, each disorder was
included in the model as a dichotomous categorical variable
(present or absent). These multivariate analyses were
conducted separately for primipara and multipara status.
Missing values of those covariates were also included in the
model by creating categories of such data to prevent a
decrease in number. All analyses were performed using SAS
Version 9.4 (SAS Inc., Cary, NC, USA). A two-sided P b 0.05
was regarded as statistically significant.
Results

Demographic and basic characteristics

The characteristics of the subjects who conceived following
ART treatment, non-ART treatment or spontaneously are
presented in Table 1. At the time of the T1 examination,
the mean age [standard deviation (SD)] of the women who
received ART treatment was higher than that for women who
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conceived spontaneously. The same is true for their male
partners. In the group of pregnant women who underwent
ART treatment, the maternal and paternal education levels
and income were higher than in the spontaneous pregnancy
group. In addition, the pregnant women who received ART
treatment were more likely to be married, and less likely
to have suffered from stressful events such as the death
of their parents. The physical health conditions of both
mothers and fathers were worse in the group of pregnant
women who received ART treatment than in the other
groups, as assessed by the SF-8 score. In addition, there
were more complications during pregnancy, abnormal deliv-
eries and neonatal physical abnormalities in the group of
pregnant women who underwent ART treatment. In this
group, the mothers were also more likely to suffer from
endocrine diseases and musculoskeletal disorders. Since
the variables listed in Table 1 were selected as potential
confounders and not true random variables, P-values regard-
ing the statistical differences of these factors between the
three groups are not provided.
Table 2 Association between maternal psychological distress a an

T1
(n = 9103)

T2
(n = 910

Age-adjusted
Spontaneous 1.00 1.00
Non-ART d 0.95 (0.75–1.20) 0.85 (0.
ART e 0.81 (0.60–1.09) 0.72 (0

Fully adjusted f

Spontaneous 1.00 1.00
Non-ART 1.12 (0.88–1.44) 1.05 (0.
ART 1.03 (0.75–1.40) 0.94 (0.

Primipara age-adjusted
Spontaneous 1.00 1.00
Non-ART 0.70 (0.48–1.03) 0.68 (0.
ART 0.86 (0.56–1.33) 0.73 (0.

Primipara fully adjusted f

Spontaneous 1.00 1.00
Non-ART 0.91 (0.60–1.37) 0.87 (0.
ART 1.13 (0.72–1.78) 0.95 (0.

Multipara age-adjusted
Spontaneous 1.00 1.00
Non-ART 1.12 (0.84–1.51) 0.97 (0.
ART 0.75 (0.49–1.15) 0.69 (0.

Multipara fully adjusted f

Spontaneous 1.00 1.00
Non-ART 1.28 (0.94–1.75) 1.16 (0.
ART 0.93 (0.60–1.45) 0.90 (0.

T1, first trimester; T2, second/third trimester.
Values are odds ratio (95% confidence interval).
Bold typeface indicates a statistically significant association.
a Defined as K6 score ≥5. Controls=K6 score ≤4 in both T1 and T2.
b Persistent distress=K6 score ≥5 in both T1 and T2; non-persistent d
c Persistent and non-persistent distress combined.
d Ovulatory induction or artificial fertilization.
e In-vitro fertilization or intracytoplasmic sperm injection.
f Adjusted for maternal age, maternal history of mental disorders, au

maternal feeling on discovery of pregnancy, parental education, econ
physical health, comorbidity during pregnancy and delivery, neonatal he
relationship.
Associations between parental distress during
pregnancy and ART treatment

In multivariate analysis, 402 mothers were excluded due to
missing values for the K6 score, as mentioned above (Fig. 1).
The results of multivariate logistic regression analysis
showed that ART and non-ART treatments were significantly
or marginally significantly associated with a lower risk of
psychological distress among mothers compared with spon-
taneous pregnancy (Table 2). This tendency was apparent
for ART treatment in multipara mothers and non-ART treat-
ment in primipara mothers. However, after adjustment for
all selected background characteristics, the associations
were no longer significant. Likewise, age-adjusted analysis
revealed that ART and non-ART treatments were signifi-
cantly associated with a reduced risk of psychological
distress in fathers. Again, however, they were no longer
significantly associated with the decreased risk of distress
after adjustment for baseline characteristics, except that
non-ART treatment remained significant (Table 3).
d assisted reproductive technology (ART) treatment.

3)
T1 + T2
(n = 6968) b

T1 or T2
(n = 9103) c

1.00 1.00
66–1.09) 0.84 (0.62–1.13) 0.93 (0.75–1.16)
.52–0.99) 0.55 (0.36–0.86) 0.88 (0.67–1.15)

1.00 1.00
81–1.36) 1.10 (0.79–1.53) 1.11 (0.88–1.40)
67–1.31) 0.79 (0.49–1.26) 1.13 (0.85–1.50)

1.00 1.00
45–1.02) 0.59 (0.35–0.97) 0.69 (0.48–0.99)
46–1.17) 0.66 (0.36–1.19) 0.87 (0.58–1.29)

1.00 1.00
56–1.35) 0.82 (0.46–1.44) 0.90 (0.61–1.23)
58–1.55) 0.99 (0.51–1.91) 1.15 (0.75–1.75)

1.00 1.00
71–1.32) 1.01 (0.69–1.48) 1.11 (0.84–1.46)
44–1.08) 0.46 (0.24–0.89) 0.86 (0.59–1.26)

1.00 1.00
84–1.61) 1.34 (0.88–2.02) 1.26 (0.93–1.70)
56–1.44) 0.63 (0.31–1.27) 1.10 (0.74–1.64)

istress=K6 score ≥5 in either T1 or T2.

toimmune diseases, endocrine diseases, musculoskeletal diseases,
omic status, maternal smoking and drinking, maternal subjective
alth, weight change due to pregnancy, and discord in husband–wife



Table 3 Association between paternal psychological distress
and assisted reproductive technology (ART) treatment.

Age-adjusted odds
ratio (95% CI)
(distress c vs controls,
n = 5597)

Fully adjusted d

odds ratio (95% CI)
(distress vs controls,
n = 5597)

All
Spontaneous 1.00 1.00
Non-ART a 0.59 (0.40–0.86) 0.66 (0.45–0.97)
ART b 0.67 (0.43–1.04) 0.71 (0.45–1.11)

Primipara
Spontaneous 1.00 1.00
Non-ART 0.51 (0.28–0.95) 0.55 (0.29–1.04)
ART 0.69 (0.37–1.31) 0.72 (0.37–1.40)

Multipara
Spontaneous 1.00 1.00
Non-ART 0.64 (0.40–1.04) 0.74 (0.45–1.22)
ART 0.64 (0.34–1.19) 0.69 (0.36–1.31)

CI, confidence interval.
Bold typeface indicates a statistically significant association.
a Ovulatory induction or artificial fertilization.
b In-vitro fertilization or intracytoplasmic sperm injection.
c K6 score ≥5.
d Adjusted for paternal age, maternal history of mental disorders,

autoimmune diseases, endocrine diseases, musculoskeletal diseases,
maternal feeling on discovery of pregnancy, parental education,
economic status, maternal smoking and drinking, paternal subjective
physical health, comorbidity during pregnancy and delivery, neonatal
health, weight change due to pregnancy, and discord in husband–wife
relationship.

Table 4 Comparison of parental factors between persistently
distressed and non-distressed mothers who underwent assisted
reproductive technology (ART) treatment.

Factor Persistent
distress a

(n = 24)

Controls b

(n = 152)
P-value

Demographic factors
Maternal age (years) (SD) 35.2 (3.3) 36.4 (4.0) 0.17
Paternal age (years) (SD) 37.6 (5.9) 38.4 (5.6) 0.63
Maternal age ≥35 years 66.7 68.9 0.83
Paternal age ≥40 years 28.6 37.8 0.51
Age difference between
couple ≥10 years

7.1 5.6 0.59 c

Primipara 58.3 48.0 0.35
Maternal education:
high school or less

25.0 23.7 0.89

Paternal education:
high school or less

29.2 34.9 0.58

Annual income ≤4,000,000
Japanese yen

25.0 23.8 0.90

Not married d 4.2 0.0 0.14 c

Three or fewer family
members

83.3 82.2 1.00

Personal factors
Current maternal smoking e 0.0 4.0 1.00 c

Passive maternal smoking 37.5 39.7 0.84
Current maternal drinking 12.5 10.5 0.73 c

Stressful life events 45.8 32.9 0.26
Not pleased on discovery of
pregnancy

0.0 0.7 1.00 c

Insults from husband 25.0 4.0 0.0018 c

Medical factors
Poor maternal physical
health f

83.3 73.5 0.30

Complications during
pregnancy

30.4 15.9 0.14 c

Abnormal delivery 60.9 51.7 0.41
Neonatal physical
abnormality

9.5 7.4 0.66 c

History of depression 4.2 0.0 0.14 c

History of somatoform
autonomic dysfunction

12.5 3.3 0.08 c

History of anxiety disorders 4.2 2.0 0.45 c

History of autoimmune
disease

0.0 1.3 1.00 c

History of endocrine diseases 4.2 7.2 1.00 c

History of musculoskeletal
diseases

12.5 5.3 0.18 c

SD, standard deviation.
Values are percentages unless otherwise specified. Missing data
were excluded from the analyses.
Bold typeface indicates a statistically significant difference.
a K6 score ≥5 in both first and second/third trimesters.
b K6 score ≤4 in both first and second/third trimesters.
c Fisher’s exact test.
d Never married, divorced or bereaved.
e Smoking at present or ceased smoking on discovery of pregnancy.
f SG-8 score ≤50.
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Highly distressed mothers among the group of
pregnant women who received ART and non-ART
treatments

While the majority of mothers who received ART and non-
ART treatments reported less distress in both the T1 and T2
periods, a small number (10.0%, n = 24 for ART; 16.0%, n = 56
for non-ART) had persistent distress in both periods, which
could continue to have negative psychological conse-
quences. Therefore, the factors that differed between
these women and those who received ART or non-ART
treatment without distress in T1 and T2 were examined
using chi-squared and Fisher’s exact tests. This analysis
found that persistent distress was highly associated with
insults from the husband (P = 0.0018 for ART, 0.0047 for non-
ART) (Tables 4 and 5, respectively). Stressful life events,
complications during pregnancy and history of anxiety
disorders were more prevalent among non-ART mothers
with persistent distress. On the other hand, many factors
were found to be significantly different between mothers
with persistent distress and controls in the spontaneous
pregnancy group. Mothers with persistent distress were
more likely to be smokers, not pleased on discovery
of pregnancy, not married, have lower educational back-
ground, have lower economic status, and have a poor rela-
tionship with their husband, including insults and quarrels
(data not shown). These significant differences may be
observed due to the large sample size.
The proportions of those with persistent distress among
mothers with non-ART treatment and spontaneous pregnancy
were significantly higher than for those who underwent ART



Table 5 Comparison of parental factors between persistently
distressed and non-distressedmothers who underwent non-assisted
reproductive technology (ART) treatment.

Factor Persistent
distress a

(n=56)

Controls b

(n=211)
P-value

Demographic factors
Maternal age (years) (SD) 32.3 (3.9) 33.0 (4.1) 0.27
Paternal age (years) (SD) 33.6 (3.9) 34.9 (5.9) 0.13
Maternal age ≥35 years 34.6 37.3 0.70
Paternal age ≥40 years 6.1 18.3 0.08
Age difference between
couple ≥10 years

0.0 4.6 0.60 c

Primipara 34.6 44.1 0.20
Maternal education:
high school or less

19.6 20.5 0.89

Paternal education:
high school or less

35.7 30.8 0.48

Annual income ≤4,000,000
Japanese yen

27.8 28.2 0.95

Three or fewer family
members

82.1 85.7 0.51

Personal factors
Current maternal smoking d 40.0 60.0 0.014
Passive maternal smoking 48.2 41.7 0.38
Current maternal drinking 12.5 10.0 0.58
Stressful life events 56.4 31.1 0.0005
Not pleased on discovery of
pregnancy

1.8 1.0 0.51 c

Insults from husband 14.3 3.4 0.0047 c

Quarrelling between
couple during pregnancy

1.8 0.5 0.38 c

Medical factors
Poor maternal physical
health e

80.4 72.1 0.21

Complications during
pregnancy

28.9 13.5 0.008

Abnormal delivery 51.9 46.9 0.52
Neonatal physical
abnormality

7.6 5.8 0.75 c

History of depression 3.6 1.9 0.61 c

History of somatoform
autonomic dysfunction

7.1 4.3 0.48 c

History of anxiety
disorders

10.7 2.4 0.013 c

History of autoimmune
disease

3.6 1.0 0.19 c

History of endocrine diseases 7.1 3.8 0.28 c

History of musculoskeletal
diseases

0.0 2.8 0.35 c

SD, standard deviation.
Values are percentages unless otherwise specified. Missing data
were excluded from the analyses.
Bold typeface indicates a statistically significant difference.
a K6 score ≥5 in both first and second/third trimesters.
b K6 score ≤4 in both first and second/third trimesters.
c Fisher’s exact test.
d Smoking at present or ceased smoking on discovery of pregnancy.
e SG-8 score ≤50.
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treatment (16% for non-ART, 18.9% for spontaneous preg-
nancy; P = 0.0011).

Severity and proportion of distress among mothers
and fathers during pregnancy

Table 6 shows the mean K6 scores of subjects during
pregnancy separately by primipara and multipara groups,
and the proportion of subjects with psychological distress
(K6 score ≥5). Overall, mothers had higher K6 scores than
fathers, and the proportion of distress was also generally
higher in mothers than in fathers. The highest proportion of
distress was observed in mothers with primipara spontane-
ous pregnancies. Statistically significant differences be-
tween the three groups (i.e. those achieving pregnancy
following ART treatment, non-ART treatment and spontane-
ously) were observed by ANOVA in all subgroup analyses,
except that there were no significant differences between
the groups for primipara fathers (P = 0.23). Multiple
comparisons using the Scheffe test revealed significant
differences between multipara mothers who underwent
ART or non-ART treatment in T1, primipara spontaneous
mothers and those who underwent ART treatment in T1, and
multipara spontaneous mothers and those who underwent
ART treatment in T2.

Discussion

The present study evaluated mental distress using the K6
scale in couples who achieved pregnancy following ART
treatment, non-ART treatment or spontaneously. The ma-
jority of the mothers who had received ART treatment were
less distressed than those in the spontaneous pregnancy
group in both T1 and T2. This tendency to be less distressed
was more apparent in multipara women who had undergone
ART treatment. However, after controlling for selected
basic characteristics, the apparent beneficial effect of ART
treatment in reducing distress disappeared. No substantial
associations were observed between ART treatment and
maternal distress during pregnancy, consistent with other
reports indicating that there were no differences between
women who conceived following ART treatment and those
with spontaneous pregnancies with regard to psychological
distress (Colpin and Soenen, 2002; Gibson et al., 2000;
Gressier et al., 2015). Although similar findings were
observed for fathers, those who underwent non-ART treat-
ment were least likely to be distressed, as shown by a
significant odds ratio.

In spite of the poorer physical condition of the couples
who underwent ART treatment, and contrary to the authors’
expectations, ART treatment was associated with a some-
what lower risk of psychological distress. This result might
be explained by the fact that ART treatment is now widely
accepted as a common treatment in Japan, not only for
infertile couples of reproductive age but also for those who
marry late and desire a child. As mentioned previously, ART
treatment alone is covered by private health insurance,
and the associated counselling service is conducted by a
specialized reproductive psychology counsellor, which may
be very effective in reducing the risk of mental distress
among parents. In addition, the majority of patients who



Table 6 Mean score on Kessler Six-item Psychological Distress
(K6) scale and distribution of psychological distress (K6 score ≥5)
among mothers and fathers during pregnancy.

Distress K6 score
(mean)

K6 score
≥5 (%)

Mothers (T1) Primipara ART 2.91# 27.6
Non-ART 3.23 26.1
Spontaneous 3.85 a 34.6

Multipara ART 2.75� 22.0
Non-ART 3.89 a 32.9
Spontaneous 3.55 31.1

Mothers (T2) Primipara ART 2.72 21.6
Non-ART 2.82 21.8
Spontaneous 3.48 30.2

Multipara ART 2.52# 20.5
Non-ART 3.54 27.5
Spontaneous 3.48 a 28.6

Fathers Primipara ART 2.33 16.7
Non-ART 2.15 13.5
Spontaneous 2.71 23.0

Multipara ART 1.77 14.1
Non-ART 1.96 16.0
Spontaneous 2.67 22.9

T1, first trimester; T2, second/third trimester; ART, assisted
reproductive technology.
a Scheffe test, b0.05.
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receive ART treatment might be less worried about safety
aspects, as the perinatal outcomes for children born after
ART treatment have improved greatly over the last 20 years
(Henningsen et al., 2015). These facts indicate that ART
treatment can be acceptable for infertile couples without
any psychological resistance. Also, of course, it is expected
that such couples would have very positive feelings about
being pregnant after previously being unable to conceive.

On the other hand, this inverse association between ART
treatment and distress diminished after controlling for
selected variables, which indicates that the protective
effects of ART treatment against distress might be mediated
through such factors. For example, couples with high socio-
economic status (e.g. a high educational background) might
have less anxiety as they are more likely to study ART
treatment and can better understand it than those with a
low educational background. Furthermore, couples with
poor subjective health may be more likely to be cared for by
the ART counselling system mentioned above. Indeed, social
support was shown to be negatively associated with distress
in IVF patients (Rockliff et al., 2014). Meanwhile, it should
be noted that infertile women showed a tendency towards
anxiety and psychological distress (Gourounti et al., 2010;
Rockliff et al., 2014; Verhaak et al., 2007). They reported
high levels of psychological stress and a sense of isolation. In
the current study, some ART and non-ART mothers reported
being mentally distressed early in the pregnancy and
remained distressed, and this was particularly the case in
women receiving insults from their husbands, which indi-
cates that this type of behaviour should be strictly avoided in
couples who undergo treatment for infertility.

There was a gender difference in reported distress in the
group of pregnant women who received ART treatment, with
women reporting more severe distress than men. This may
be related to the closer physical relationship between the
women and pregnancy, and the greater weight that society
places on the role of women as mothers. Other studies have
reported similar results (Boivin et al., 1998; El Kissi et al.,
2013; Gibson et al., 2000; Hjelmstedt et al., 2004).
Associations between distress and ART treatment in fathers
showed patterns similar to those of mothers. Although
a marginally negative association was observed between
ART treatment and distress in fathers, it diminished after
controlling for selected variables, consistent with other
reports finding no differences between ART and control
fathers (Colpin and Soenen, 2002; Gibson et al., 2000). On
the other hand, the negative association between non-ART
treatment and distress in fathers remained significant even
after adjusting for the selected factors. Although the reason
is unclear, fathers, especially those who underwent non-ART
treatment, would be relieved by a successful pregnancy. The
smaller economic burden of non-ART treatment compared
with ART treatment may partly explain this phenomenon
since, in many cases, fathers are responsible for supporting
the family financially. These findings indicate that further
investigation is warranted to explain the differences be-
tween fathers who undergo ART and non-ART treatments.
In addition, a few Swedish studies reported differences in
psychological profiles between couples undergoing ART
treatment (Johansson et al., 2010; Volgsten et al., 2010).
Men with successful IVF were reported to have higher
psychological general well-being, fewer signs of depression
and more self-confidence than women in that group
(Johansson et al., 2010). As Sweden has a highly developed
welfare system, the economic burden related to ART treat-
ment would be much lighter than in Japan.

Few studies have used the K6 scale to assess psychological
distress during pregnancy. In a Japanese nationwide survey
in 2013 (Ministry of Health, Labour and Welfare of Japan,
2013), 67.3% of normal Japanese citizens aged ≥12 years
had K6 scores ≤4, 18.0% had scores of 5–9, 7.2% had scores
of 10–14, and 2.6% had scores ≥15. In the present study, the
K6 score showed a similar pattern, with 68.1% having K6
scores ≤4, 23.5% having scores of 5–9, 6.7% having scores
of 10–14, and 1.6% having scores ≥15 at T1. This suggests
that the current sample is representative of the general
population, and the K6 scale is suitable for large population
studies. However, the use of this approach does make it
more difficult to compare the results with those of previous
studies due to the lack of such studies using the K6 scale, as
mentioned below.

The number of babies born as a result of ART treatment
will continue to increase in Japan and worldwide. Recently,
advances in ART treatment include the use of surrogate
mothers and host mothers. The former use their own eggs,
while the latter use donor eggs or those of the intended
mother. While these procedures are currently prohibited in
Japan, a few infertile Japanese couples have used them
abroad. It is not fully understood what additional societal
pressures will result from such approaches. It will be
essential for the resulting children to be followed-up as
they progress through adolescence into adulthood, with an
additional focus on the effects of parental psychological
distress on the children themselves. Given the short- and
longer-term consequences of prenatal psychological stress
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and/or depression, there is great interest in how such mental
distress affects these parents, and how this could affect their
bonding with their children and parenting. Overall, the long-
term mental health of couples after successful ART treatment
has been shown to be good in Western studies (Sydsjö et al.,
2015; Vikström et al., 2015). JECS is a large, nationwide
longitudinal birth genome-cohort study with approximately
100,000 participants that aims to evaluate the effects of
environmental chemicals on children’s health and develop-
ment from early pregnancy until their 13th birthday
(Kawamoto et al., 2014). As such, this resource will also be
of huge value for understanding the effects of parental
distress in both spontaneous and ART pregnancies.

This study has some limitations. Firstly, the study
collected little data before pregnancy, especially regarding
mental state just before the pregnancy, and no information
about the stress of the ART treatment itself. However, the
proportion of those with a history of depression did not differ
significantly between the three groups. Second, analysis
of pregnancy complications was not possible because
another paper had already described the situation in detail.
As variables to be used in the research are under strict
regulation of the JECS rules, detailed analyses of other
variables, such as pregnancy complications, are not permit-
ted, except in the case that such variables are used simply as
covariates for adjustment. Furthermore, although the K6
scale was developed recently and is appropriate for use in
large population studies, few reports have used it to assess
psychological distress during pregnancy. Lastly, since tim-
ings of the psychological assessment in the previous studies
have been inconsistent, current findings may not be simply
comparable with previous findings.

In summary, this study found that parents who had
undergone ART treatment did not report elevated psycho-
logical distress during a successful pregnancy in comparison
with those who achieved spontaneous conception. Further-
more, these parents might be protected from such stress as
a consequence of their greater maturity, or the enhanced
support they received as part of the ART treatment.
However, some mothers who had ART treatment continued
to suffer from distress in both T1 and T2, which might impact
the developmental and longer-term outcomes of their
children. As such, a long-term follow-up study of the health
of mothers and children after ART treatment was conducted,
the results of which will be presented separately.
Acknowledgements

The authors wish to thank Satoshi Mizuno; Kasumi Sakurai; Mami
Ishikuro, PhD; Taku Obara, PhD; Nozomi Tatsuta, PhD; Ichiko
Nishijima, PhD; Ikuma Fujiwara, MD; Shinichi Kuriyama, MD;
Hirohito Metoki, MD and Nobuo Yaegashi, MD for their cooperation
and collaboration. The Japan Environment and Children’s Study was
funded by the Ministry of the Environment, the Government of
Japan. This research was also supported by Research Promotion and
Practical Use for Women’s Health, AMED (15gk0210003h).

Appendix A

The members of the Japan Environment and Children's
Study (JECS) in 2015 were as follows: Toshihiro Kawamoto
(Principal Investigator), Hirohisa Saito (National Center
for Child Health and Development, Tokyo, Japan), Reiko
Kishi (Hokkaido University, Sapporo, Japan), Nobuo Yaegashi
(Tohoku University, Sendai, Japan), Koichi Hashimoto
(Fukushima Medical University, Fukushima, Japan), Chisato
Mori (Chiba University, Chiba, Japan), Fumiki Hirahara
(Yokohama City University, Yokohama, Japan), Zentaro
Yamagata (University of Yamanashi, Chuo, Japan), Hidekuni
Inadera (University of Toyama, Toyama, Japan), Michihiro
Kamijima (Nagoya City University, Nagoya, Japan), Ikuo
Konishi (Kyoto University, Kyoto, Japan), Hiroyasu Iso (Osaka
University, Suita, Japan), Masayuki Shima (Hyogo College
of Medicine, Nishinomiya, Japan), Toshihide Ogawa (Tottori
University, Yonago, Japan), Narufumi Suganuma (Kochi
University, Nankoku, Japan), Koichi Kusuhara (University of
Occupational and Environmental Health, Kitakyushu, Japan),
and Takahiko Katoh (Kumamoto University, Kumamoto,
Japan).
References

Bitler, M.P., Schmidt, L., 2012. Utilization of infertility treatments:
the effects of insurance mandates. Demography 49, 125–149.

Boivin, J., Andersson, L., Skoog-Svanberg, A., Hjelmstedt, A.,
Collins, A., Bergh, T., 1998. Psychological reactions during in-
vitro fertilization: similar response pattern in husbands and
wives. Hum. Reprod. 13, 3262–3267.

Colpin, H., Soenen, S., 2002. Parenting and psychosocial develop-
ment of IVF children: a follow-up study. Hum. Reprod. 17,
1116–1123.

El Kissi, Y., Romdhane, A.B., Hidar, S., Bannour, S., Ayoubi Idrissi,
K., Khairi, H., Ben Hadj Ali, B., 2013. General psychopathology,
anxiety, depression and self-esteem in couples undergoing
infertility treatment: a comparative study between men and
women. Eur. J. Obstet. Gynecol. Reprod. Biol. 167, 185–189.

Field, T., 2011. Prenatal depression effects on early development: a
review. Infant Behav. Dev. 34, 1–14.

Fisher, J.R., Hammarberg, K., Baker, G.H., 2008. Antenatal mood
and fetal attachment after assisted conception. Fertil. Steril.
89, 1103–1112.

Fransson, E., Örtenstrand, A., Hjelmstedt, A., 2011. Antenatal
depressive symptoms and preterm birth: a prospective study of a
Swedish national sample. Birth 38, 10–16.

Freeman, E.W., Boxer, A.S., Rickels, K., Tureck, R., Mastroianni Jr.,
L., 1985. Psychological evaluation and support in a program of in
vitro fertilization and embryo transfer. Fertil. Steril. 43, 48–53.

Furukawa, T.A., Kawakami, N., Saitoh, M., Ono, Y., Nakane, Y.,
Nakamura, Y., Tachimori, H., Iwata, N., Uda, H., Nakane, H.,
Watanabe, M., Naganuma, Y., Hata, Y., Kobayashi, M., Miyake,
Y., Takeshima, T., Kikkawa, T., 2008. The performance of the
Japanese version of the K6 and K10 in the World Mental Health
Survey Japan. Int. J. Methods Psychiatr. Res. 17, 152–158.

Gibson, F.L., Ungerer, J.A., Tennant, C.C., Saunders, D.M., 2000.
Parental adjustment and attitudes to parenting after in vitro
fertilization. Fertil. Steril. 73, 565–574.

Golombok, S., Cook, R., Bish, A., Murray, C., 1995. Families created
by the new reproductive technologies: quality of parenting and
social and emotional development of the children. Child Dev. 66,
285–298.

Gourounti, K., 2016. Psychological stress and adjustment in
pregnancy following assisted reproductive technology and spon-
taneous conception. Women Health 56, 98–118.

Gourounti, K., Anagnostopoulos, F., Vaslamatzis, G., 2010. Primary
appraisal of infertility: evaluation of the psychometric proper-
ties of a Greek version of the Appraisal of Life Events scale (ALE)

http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0005
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0005
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0010
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0010
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0010
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0010
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0015
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0015
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0015
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0020
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0020
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0020
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0020
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0020
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0025
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0025
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0030
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0030
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0030
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0035
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0035
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0035
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0040
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0040
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0040
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0045
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0045
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0045
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0045
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0045
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0045
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0050
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0050
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0050
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0055
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0055
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0055
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0055
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0060
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0060
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0060
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0065
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0065
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0065


15ART and psychological distress during pregnancy
in a Sample of infertile women undergoing fertility treatment.
Women Health 50, 688–704.

Gressier, F., Letranchant, A., Cazas, O., Sutter-Dallay, A.L.,
Falissard, B., Hardy, P., 2015. Post-partum depressive symptoms
and medically assisted conception: a systematic review and
meta-analysis. Hum. Reprod. 30, 2575–2586.

Hammarberg, K., Fisher, J.R.W., Wynter, K.H., 2008. Psychological
and social aspects of pregnancy, childbirth and early parenting
after assisted conception: a systematic review. Hum. Reprod.
Update 14, 395–414.

Hansen, M., Kurinczuk, J.J., Bower, C., Webb, S., 2002. The risk of
major birth defects after intracytoplasmic sperm injection and
in vitro fertilization. N. Engl. J. Med. 346, 725–730.

Hayashitani, H., Suzui, E., 2009. Problem of the couples experienc-
ing infertility treatment and support measure. Kawasaki Med.
Welfare J. 19, 13–23 (in Japanese).

Henningsen, A.A., Gissler, M., Skjaerven, R., Bergh, C., Tiitinen, A.,
Romundstad, L.B., Wennerholm, U.B., Lidegaard, O., Nyboe
Andersen, A., Forman, J.L., Pinborg, A., 2015. Trends in
perinatal health after assisted reproduction: a Nordic study
from the CoNARTaS group. Hum. Reprod. 30, 710–716.

Hjelmstedt, A., Widstrom, A.M., Wramsby, H., Matthiesen, A.S.,
Collins, A., 2003. Personality factors and emotional responses to
pregnancy among IVF couples in early pregnancy: a comparative
study. Acta Obstet. Gynecol. Scand. 82, 152–161.

Hjelmstedt, A., Widstrom, A.M., Wramsby, H., Collins, A., 2004.
Emotional adaptation following successful in vitro fertilization.
Fertil. Steril. 81, 1254–1264.

Japan Society of Obstetrics & Gynecology, 2013. ART databook
2013. Available at: http://plaza.umin.ac.jp/~jsog-art/2013data_
201601.pptx (in Japanese).

Johansson, M., Adolfsson, A., Berg, M., Francis, J., Hogström, L.,
Janson, P.O., Sogn, J., Hellström, A.L., 2010. Gender perspec-
tive on quality of life, comparisons between groups 4-5.5 years
after unsuccessful or successful IVF treatment. Acta Obstet.
Gynecol. Scand. 89, 683–691.

Jongbloed-Pereboom, M., Middelburg, K.J., Heineman, M.J., Bos, A.
F., Haadsma, M.L., Hadders-Algra, M., 2012. The impact of IVF/
ICSI on parental well-being and anxiety 1 year after childbirth.
Hum. Reprod. 27, 2389–2395.

Kawamoto, T., Nitta, H., Murata, K., Toda, E., Tsukamoto, N.,
Hasegawa, M., Yamagata, Z., Kayama, F., Kishi, R., Ohya, Y.,
Saito, H., Sago, H., Okuyama, M., Ogata, T., Yokoya, S.,
Koresawa, Y., Shibata, Y., Nakayama, S., Michikawa, T.,
Takeuchi, A., Satoh, H., Working Group of the Epidemiological
Research for Children’s Environmental Health, 2014. Rationale
and study design of the Japan environment and children's study
(JECS). BMC Public Health 14, 25.

Kessler, R.C., Andrews, G., Colpe, L.J., Hiripi, E., Mroczek, D.K.,
Normand, S.L., Walters, E.E., Zaslavsky, A.M., 2002. Short
screening scales to monitor population prevalences and trends in
non-specific psychological distress. Psychol. Med. 32, 959–976.

Kessler, R.C., Barker, P.R., Colpe, L.J., Epstein, J.F., Gfroerer, J.
C., Hiripi, E., Howes, M.J., Normand, S.L., Manderscheid, R.W.,
Walters, E.E., Zaslavsky, A.M., 2003. Screening for serious
mental illness in the general population. Arch. Gen. Psychiatry
60, 184–189.

Kuwabara, M., Smith, L.B., 2012. Cross-cultural differences in
cognitive development: attention to relations and objects.
J. Exp. Child Psychol. 113, 20–35.

Lederman, S.A., Rauh, V., Weiss, L., Stein, J.L., Hoepner, L.A.,
Becker, M., Perera, F.P., 2004. The effects of the World Trade
Center event on birth outcomes among term deliveries at
three lower Manhattan hospitals. Environ. Health Perspect.
112, 1772–1778.

Meng, L., Chen, D., Yang, Y., Zheng, Y., Hui, R., 2012. Depression
increases the risk of hypertension incidence: a meta-analysis of
prospective cohort studies. J. Hypertens. 30, 842–851.
Ministry of Health, Labour and Welfare, 2013. Comprehensive
Survey of Living Conditions (in Japanese).

Monti, F., Agostini, F., Fagandini, P., La Sala, G.B., Blickstein, I.,
2009. Depressive symptoms during late pregnancy and early
parenthood following assisted reproductive technology. Fertil.
Steril. 91, 851–857.

Monti, F., Agostini, F., Paterlini, M., Andrei, F., De Pascalis, L.,
Palomba, S., La Sala, G.B., 2015. Effects of assisted reproductive
technology and of women's quality of life on depressive
symptoms in the early postpartum period: a prospective case-
control study. Gynecol. Endocrinol. 31, 374–378.

Mori, E., 2012. Problems of pregnancy and delivery after infrtile
treatment and psychological care. Boshihokenjoho 66, 71–74
(in Japanese).

Mori, E., Nadaoka, T., Morioka, Y., Saito, H., 1997. Anxiety of
infertile women undergoing IVF-ET:relation to the grief process.
Gynecol. Obstet. Investig. 44, 157–162.

Mulder, E.J., Robles de Medina, P.G., Huizink, A.C., Van den Bergh,
B.R., Buitelaar, J.K., Visser, G.H., 2002. Prenatal maternal
stress: effects on pregnancy and the (unborn) child. Early Hum.
Dev. 70, 3–14.

Niemitz, E.L., Feinberg, A.P., 2004. Epigenetics and assisted
reproductive technology: a call for investigation. Am. J. Hum.
Genet. 74, 599–609.

Nilsen, A.B., Waldenström, U., Rasmussen, S., Hjelmstedt, A., Schytt,
E., 2013. Characteristics of first-time fathers of advanced age:
a Norwegian population-based study. BMC Pregnancy Childbirth
13, 29.

Nishi, A., Noguchi, H., Hashimoto, H., Tamiya, N., 2012. Scale
development of health status for secondary data analysis using a
nationally representative survey. Environ. Health Prev. Med. 17,
252–257.

O'Connor, T.G., Heron, J., Golding, J., Glover, V., Team, A.S., 2003.
Maternal antenatal anxiety and behavioural/emotional problems
in children: a test of a programming hypothesis. J. Child Psychol.
Psychiatry 44, 1025–1036.

O'Connor, T.G., Ben-Shlomo, Y., Heron, J., Golding, J., Adams, D.,
Glover, V., 2005. Prenatal anxiety predicts individual differ-
ences in cortisol in pre-adolescent children. Biol. Psychiatry 58,
211–217.

Rahman, A., Bunn, J., Lovel, H., Creed, F., 2007. Association
between antenatal depression and low birthweight in a devel-
oping country. Acta Psychiatr. Scand. 115, 481–486.

Rockliff, H.E., Lightman, S.L., Rhidian, E., Buchanan, H., Gordon,
U., Vedhara, K., 2014. A systematic review of psychosocial
factors associated with emotional adjustment in in vitro
fertilization patients. Hum. Reprod. Update 20, 594–613.

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

Sasaki, N., 2014. Literature search concerning psychological
responses of people experienced fertility treatment in Japan.
Sci. Rep. Yamaguchi Prefectural Univ. 7, 49–56 (in Japanese).

Sharp, H., Hill, J., Hellier, J., Pickles, A., 2015. Maternal antenatal
anxiety, postnatal stroking and emotional problems in children:
outcomes predicted from pre-and postnatal programming hy-
potheses. Psychol. Med. 45, 269–283.

Straub, H., Adams, M., Kim, J.J., Silver, R.K., 2012. Antenatal
depressive symptoms increase the likelihood of preterm birth.
Am. J. Obstet. Gynecol. 207, 329 (e1-e4).

Sydsjö, G., Vikström, J., Bladh, M., Jablonowska, B., Skoog Svanberg,
A., 2015. Men report good mental health 20 to 23 years after in
vitro fertilisation treatment. BMC Public Health 15, 1175.

Uchida, Y., Townsend, S.S., Rose Markus, H., Bergsieker, H.B.,
2009. Emotions as within or between people? Cultural variation
in lay theories of emotion expression and inference. Personal.
Soc. Psychol. Bull. 35, 1427–1439.

http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0065
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0065
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0070
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0070
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0070
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0070
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0075
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0075
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0075
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0075
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0080
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0080
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0080
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0085
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0085
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0085
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0090
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0090
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0090
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0090
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0090
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0095
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0095
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0095
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0095
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0100
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0100
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0100
http://plaza.umin.ac.jp/~jsog-art/2013data_201601.pptx
http://plaza.umin.ac.jp/~jsog-art/2013data_201601.pptx
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0110
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0110
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0110
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0110
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0110
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0115
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0115
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0115
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0115
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0120
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0120
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0120
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0120
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0120
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0120
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0120
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0120
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0125
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0125
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0125
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0125
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0130
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0130
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0130
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0130
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0130
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0135
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0135
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0135
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0140
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0140
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0140
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0140
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0140
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0145
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0145
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0145
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0150
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0150
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0155
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0155
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0155
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0155
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0160
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0160
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0160
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0160
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0160
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0165
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0165
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0165
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0170
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0170
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0170
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0175
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0175
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0175
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0175
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0180
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0180
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0180
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0185
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0185
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0185
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0185
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0190
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0190
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0190
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0190
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0195
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0195
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0195
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0195
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0200
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0200
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0200
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0200
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0205
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0205
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0205
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0210
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0210
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0210
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0210
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0215
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0215
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0215
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0215
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0220
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0220
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0220
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0225
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0225
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0225
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0225
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0230
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0230
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0230
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0235
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0235
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0235
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0240
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0240
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0240
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0240


16 K Yoshimasu et al.
Verhaak, C.M., Smeenk, J.M., Evers, A.W., Kremer, J.A.,
Kraaimaat, F.W., Braat, D.D., 2007. Women's emotional adjust-
ment to IVF: a systematic review of 25 years of research. Hum.
Reprod. Update 13, 27–36.

Vikström, J., Josefsson, A., Bladh, M., Sydsjö, G., 2015. Mental
health in women 20-23 years after IVF treatment: a Swedish
cross-sectional study. BMJ Open 5e009426.

Volgsten, H., Skoog Svanberg, A., Ekselius, L., Lundkvist, O.,
Sundström Poromaa, I., 2010. Risk factors for psychiatric
disorders in infertile women and men undergoing in vitro
fertilization treatment. Fertil. Steril. 93, 1088–1096.

Declaration: the authors report no financial or commercial conflicts
of interest.

Received 17 February 2017; refereed 6 July 2017; accepted 14
September 2017. Available online 28 October 2017

http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0245
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0245
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0245
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0245
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0250
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0250
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0250
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0255
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0255
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0255
http://refhub.elsevier.com/S2405-6618(17)30025-4/rf0255

	Lack of association between receiving ART treatment and parental psychological distress during pregnancy: Preliminary findi...
	Introduction
	Materials and methods
	Study participants
	Assessment of psychological distress
	Basic characteristics
	Data analysis

	Results
	Demographic and basic characteristics
	Associations between parental distress during pregnancy and ART treatment
	Highly distressed mothers among the group of pregnant women who received ART and non-ART treatments
	Severity and proportion of distress among mothers and fathers during pregnancy

	Discussion
	section13
	Acknowledgements
	Appendix A
	References


