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ABSTRACT

Objective: Postpartum depression (PPD) is a global emotional distress that affects women and
their offspring regardless of their culture. The association between nausea and vomiting of preg-
nancy (NVP) and PPD has been widely described only for the severe form of NVP. We aimed to
assess the relationship between PPD and NVP with regards to its severity.

Methods: Data from the Japan Environment and Children’s Study (JECS), a birth cohort study,
were analyzed. PPD was assessed using the Edinburgh Postnatal Depression Scale (EPDS).
Multiple logistic regression models were performed to assess the association between NVP
and PPD.

Results: Out of the 80,396 women included in the study 14% had PPD. Among them 4,640
(42.1%) had mild NVP; 3,295 (29.9%) had moderate NVP whereas 1,481 (13.4%) had severe NVP.
All forms of NVP were associated with PPD and the association gradually increased with the
severity of NVP symptoms with odd ratio (OR): 1.26; 95% confidence interval (Cl): 1.18-1.35 for
mild, OR: 1.28; 95% Cl: 1.19-1.38 for moderate and OR: 1.54; 95% Cl: 1.42-1.68 for severe NVP.
Conclusion: Japanese women with NVP were more susceptible to develop PPD and the more
severe the NVP symptoms were, the greater the risk of PPD. Thus, close monitoring of NVP-
affected women is recommended.
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Introduction A wide variety of risk factors, mainly psychosocial,
have shown an association with PPD [5-7]. In add-
ition, antenatal morbidities, such as diabetes, gesta-
tional diabetes, endometriosis, menstrual problems
and preeclampsia have also been reported in associ-
ation with PPD [5,8].

Nausea and vomiting of pregnancy (NVP), known as
morning sickness, is also a common complication of

pregnancy. About 50-90% of pregnant women are

Postpartum depression (PPD) is one of the most com-
mon problems of the postpartum period and one of
the most debilitating conditions for women in their
reproductive age [1]. It is particularly important
because the disease affects not only the women but
also their children and their social environment. The
effect of PPD can last longer for the depressed moth-

ers and may negatively affect the neurodevelopment
of their offspring [2-4]. Thus, it is imperative to
identify factors that increase the woman’s risk of
presenting PPD.

affected during their first trimester of pregnancy. In
some cases, symptoms continue till late pregnancy
[9,10]. Its severity varies from simple nausea to hyper-
emesis gravidarum (HG). The latter is a severe form of
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NVP, characterized by nausea and vomiting that can
cause weight loss, as well as fluid and electrolyte
imbalances [11,12]. The discussion whether NVP and
HG are independent pathological entities has not yet
been concluded [13].

Studies examining the relationship between NVP
and PPD have shown controversial results [9,14,15].
Some authors found the association between NVP and
PPD [14-16], others like Bozzo et al. [9] found no evi-
dence of the association. NVP has been believed to
have a psychological component, while HG is the
cause of psychological symptoms because of the men-
tal and physical stress associated with persistent nau-
sea and vomiting [17]. Although the relationship
between NVP and depression during pregnancy has
been studied [16,18-20], the role of NVP with
emphasis on its degree of severity as a risk factor of
PPD has received little interest. Besides a study by
Sartori et al. [21], which evaluated the severity of NVP
in relation to paternal depression and anxiety,
Kjeldgaard et al. [16], using data from the Norwegian
Mother and Child Cohort Study, assessed only the
association between the severe form of NVP (HG) and
depression during and after pregnancy. The question
is whether NVP, regardless of its severity, can inde-
pendently affect mental health during postpartum.
Except for the study by lliadis et al. which examined
the effect of prolonged NVP on PPD in a large
Swedish cohort, all previous studies [14-16] were rela-
tively small, with a limited number of confounding
factors, and none of them were conducted in Japan.
Since it has been described that the race/ethnicity has
an important role on the pattern of NVP [22], previous
results cannot necessarily be generalized to the
Japanese population.

In this study, we aimed to determine the associ-
ation between NVP, with regards to its severity, and
PPD among Japanese women without a history of
depression during pregnancy.

Methods
Study design and participants

The Japan Environment and Children’s Study (JECS) is
a nationwide and government-funded prospective
birth cohort study which aims to identify the effect of
early childhood exposure to environmental chemicals
on children’s health and development. The JECS
design and baseline data have been previously pub-
lished. Briefly, from the 15 regionals centers dissemi-
nated within Japan, pregnant women were recruited
between January 2011 and March 2014 at local

government offices for pregnancy registration and/or
at designated pre-natal care health facilities [23,24].
Eligible were, women who were living in Japan during
the recruitment period, expecting to deliver after 1
August 2011, able to understand Japanese language
in order to fill the self-reported questionnaires and
who accepted to participate in the study. In this study
analyzing a dataset derived from the original JECS
dataset, participants were women who replied to the
Edinburgh Postnatal Depression Scale (EPDS) [25], who
had a single live birth and who filled information
about their income. Participants who did not provide
information on their income did not share information
on at least more than one of the known significant
risk factors of PPD, such as psychiatric illness history,
lack of social support and partner support. In the case
when a specific woman enrolled in the study more
than once, the last attendance records were also taken
into account for analysis. Except for income, all other
covariates had some missing data.

In order to determine the independent association
between NVP and PPD, patients with depression dur-
ing pregnancy or systemic diseases (thyroid dysfunc-
tion, diabetes, renal disease, hepatobiliary diseases,
intra cerebral hemorrhage, cancer, upper gastrointes-
tinal diseases and glaucoma) that could lead to nausea
and vomiting were excluded.

Data collection

This study analyzed the named jecs-ag-20160424 data-
set and allbirth_revice001_ver001, which are data col-
lected from pregnancy up to one month postpartum.
Self-administered questionnaires on socio-demographic
factors, medical history, obstetrical history and lifestyle
were filled by pregnant women two times during preg-
nancy (at first trimester and after first trimester).

A questionnaire on partner support and breastfeed-
ing was self-filled by women at one month postpartum.

Physicians, trained midwives/nurses or research
coordinators transcribed medical records at first tri-
mester and at birth.

Nausea and vomiting of pregnancy

NVP was assessed at second trimester using the ques-
tion: “Did you have morning sickness from conception
until about 12weeks of pregnancy”? (1 =no; 2 =just
nausea; 3=vomiting but was able to eat and
4 =vomiting and was unable to eat). Based on this
question, we classified NVP as “no NVP” if the answer
was no; “mild NVP” for nausea only; “moderate NVP”



for nausea and vomiting with ability to eat and
“severe NVP” for nausea and vomiting without eating.

Postpartum depression

PPD was measured at one month postpartum using
the Japanese version of the EPDS. This is a self-report
of postnatal depression with 10 items rated on a four-
point scale (from 0-3). The total score ranges from 0
to 30 with higher scores indicating more severe
depressive symptoms [25]. The validity and the reli-
ability of the Japanese version of the EPDS were
reported by Okano et al. [26]. A score of nine or
greater indicated having PPD.

Covariates

We selected risk factors for PPD from a review by
Norhayati et al. [5] and from a paper on gynecological
risk factors of PPD [8]. Psychiatric illness history,
including history of depression, anxiety, schizophrenia

and any other mental illness during pregnancy
were collected.
Other covariates included psychosocial factors

which occurred during pregnancy, such as feeling
toward the pregnancy, partner support, experience of
verbal violence and/or physical violence, lack of social
support and stressful life events; some obstetrical risk
factors (parity, mode of conception, mode of delivery,
threatened abortion, delivery complications, preterm
labor, premature rupture of membrane, pregnancy
induced hypertension and gestational diabetes); gyne-
cological risk factors (endometriosis, dysmenorrhea
and abnormal uterine bleeding); birth outcome varia-
bles (infant sex, fetal distress at birth, small for gesta-
tional age, intensive care unit admission, birth defect
and Apgar score <7 at 5min); socio-demographic fac-
tors (age, body mass index (BMI), education, marital
status and income) and health behavioral factors
(feeding, smoking status and alcohol intake).

Statistical analysis

The outcome variable was PPD. Using the cutoff score
of nine for Japanese women [26], the population was
separated into two groups: those having PPD with a
score of nine or greater and those without PPD with a
score less than nine.

To test the intergroup differences, cross tabulation
between the exposure (NVP) and the known risk fac-
tors (covariates) with the outcome (PPD) were made.
Pearson’s chi-square test and the unpaired student’s t-
test for categorical and numerical variables,
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respectively, were used to test for the significance of
each variable in the bivariate analysis.

In order to estimate the association between PPD
and NVP, logistic regression analyses were performed.
We consecutively included variables in the analysis
from Model 1-3. Model 1 included psychiatric illness
history and psychosocial factors which occurred during
pregnancy.

In Model 2, obstetrical factors, gynecological risk
factors and birth outcome were added to Model 1.

Model 3 included socio-demographic factors and
health behavioral factors in addition to Model 2.
Multicollinearities in the logistic model were tested
using the variance inflation factor (VIF) at 2.5 or less
[27]. No collinearity was found.

For the final model, all analyses were then per-
formed using the maximum samples with inclusion of
missing values for independent variable and covariates
using multiple imputations. Except for the variable
“income”, all variables were imputed. The rate of miss-
ing data varied from 0.2-5%. We used STATA's mul-
tiple imputations command for missing data with
monotone pattern after assuming that the missing
data were random. Five imputed datasets were
obtained for each variable and a total run length of
500 iterations were used. We did not do any data
transformation. The results after multiple imputations
did not differ from those obtained in the complete
case analysis. The significance level was set at 0.05.
Analyses were performed using the STATA ( StataCorp,
College Station, TX, USA), version 13.0 for Windows.

Ethics

The JECS protocol was approved by the Institutional
Review Board on epidemiological studies of the
Ministry of the Environment and by the Ethics
Committees of involved institutions. The study is con-
ducted in accordance with the Declaration of Helsinki
standards and other national regulations. All partici-
pants gave their written informed consent.

Results

In total 104,102 fetal records were registered; 7,697 of
them did not provide information on mother’'s EPDS,
1,766 were multiple births, 7,267 had no information
on the income and 4,267 were recorded from mothers
who attended the study more than once. During preg-
nancy, there were 266 cases of depression, 1,113 of
thyroid dysfunction, 863 of diabetes, 257 of kidney
disease, 97 of hepatitis, 12 of intracerebral
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l 104,102 fetal records

7,697 without information on
mother’s EPDS.

1,766 multiple births.

7267 without information on
income

4,267 previous births of multiple
attendant mothers.

83,105 couples mother-single live
births

During pregnancy
266 had depression

1,113 had thyroid dysfunction
863 had diabetes
257 had kidney disease

97 had hepatitis

12 had intracerebral haemorrhage
36 had cancer

42 had gastric ulcer

23 had glaucoma

A\

80,396 eligible infant-mother pairs

Figure 1. Study flow chart.

hemorrhage, 36 of cancer, 42 of gastric ulcer and 23
of glaucoma. The study flow chart is represented in
Figure 1.

Of the remaining 80,396 women, 11,028 (14%) had
PPD. Among them, as represented in Table 1, 9,416
(85%) had at least one sign of NVP, with 42.1% for
mild NVP, 29.9% for moderate NVP and 13.4% for
severe NVP.

General characteristics and medical history of par-
ticipants are reported in Tables 1 and 2.

Depressed women had more psychiatric problems
compared to non-depressed ones (p <.001). Regarding
psychosocial factors, domestic violence, negative feel-
ing toward pregnancy and poor infant care support
from the partner were frequently reported by
depressed women (p <.001).

Depressed women had a greater history of gyneco-
logical morbidities than non-depressed ones (p <.001).

In terms of socio-demographic and health behav-
ioral factors, compared to women without depressive
symptoms, those with depressive symptoms were
younger, obese, with lower income, low education
and were single (p<.001). They also smoked more
compared to their non-depressive counterparts
(p <.001). Interestingly, non-depressed women drank
more alcohol (p <.001).

For obstetrical factors, compared to the non-
depressed, depressed women were primiparous
(p <.001) and reported higher rate of hypertension

(p <.01), threatened abortion, preterm labor, prema-
ture rupture of membranes, delivery complications,
cesarean section and assisted delivery (p<.001). In
addition, depressed women had smaller for gestational
age newborns (p <.01) and birth defects (p <.001).

The univariate logistic regression analysis showed a
positive association between NVP and PPD. This asso-
ciation gradually increased with the severity of symp-
toms. The same trend remained during the
multivariate analysis, from Model 1-3 (Table 3). In the
final model, after adding all covariates, mild NVP, odd
ratio (OR): 1.26; 95% confidence interval (Cl):
1.18-1.35; moderate NVP, OR: 1.28; 95% Cl: 1.19-1.38;
severe NVP, OR: 1.54; 95% Cl: 1.42-1.68 were inde-
pendently associated with PPD.

Discussion

To our knowledge, this is the first nationwide birth
cohort study in Japan that reports the positive associ-
ation between NVP and PPD. Women with no history
of depression who presented NVP during the first tri-
mester of pregnancy were likely to present PPD and
the strength of the association between NVP and PPD
was directly related to the severity of NVP.

This association elucidates the fact that whatever
the severity of NVP, the resulting perceived stress can
last until postpartum. A positive association between
stress and NVP during pregnancy and postpartum has
been previously reported [16,28,29]. Women do not
know when the NVP will stop and feel uncertain if
their baby will be affected or not [30]. For the NVP-
related stress lasting long after birth, it has been
reported that some women experience the persistence
of psychological signs, hypersalivation, poor appetite
and aversion to certain foods secondary to NVP after
delivery [31].

Only a few studies have examined the relationship
between NVP and depression during the postpartum
period [9,14-16]. Consistent with our results, Abraham
et al. [14], using a retrospective study, investigated the
relationship between postnatal depression at one
month postpartum and the eating and weight loss
behavior of women before and during pregnancy.
Using the EPDS, they found that postnatal maternal
distress was associated with vomiting during the first
3-4months of pregnancy. In the same order,
Sundaram et al. [15], using data from the “2007 and
2008 Pregnancy Risk Assessment Monitoring System”
in the United States of America, found that nausea
was a predictor of both PPD symptoms and
PPD diagnosis.
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Table 1. Sociodemographic factors, health behavioral factors and medical history of the study population accord-

ing to the presence or absence of PPD.

PPD (N=11,028)

No PPD (N =69,367)

Characteristics N (%) N (%) p Value
NVP <.001
No 1,575 (14.3) 12,116(17.5)
Mild NVP 4,640 (42.1) 29,971 (43.2)
Moderate NVP 3295 (29.9) 19,878 (28.7)
Severe NVP 1481 (13.4) 7201 (10.4)
Psychiatric illness history
MH of depression 797 (7.2) 1473 (2.1) <0.001
MH of anxiety 758 (6.9) 1348 (1.9) <0.001
MH of schizophrenia 47 (0.4) 73 (0.1) <0.001
Any mental illness during pregnancy 222 (2.0) 260 (0.4) <0.001
Gynecological morbidities
MH of endometriosis 535 (4.9) 2414 (3.5) <0.001
MH of AUB 1769 (16.0) 8234 (11.9) <0.001
MH of dysmenorrhea 1380 (12.5) 7071 (10.2) <0.001
Socio-demographic factors
Age, mean (SD) 30.63 (5.2) 31.51 (4.9) <0.001
BMI <0.001
Underweight 1805 (16.4) 10,909 (15.7)
Normal 7768 (70.4) 50,841 (73.3)
Overweight 973 (8.8) 5358 (7.7)
Obese 336 (3.1) 1518 (2.2)
Education <0.001
Junior high school and high school 4706 (42.7) 23,257 (33.5)
Technical, junior college and vocational high school 4262 (38.6) 29,832 (43.0)
University and graduate 2041 (18.5) 16,174 (23.3))
Marital status <0.001
Married 10,208 (92.6) 66,646 (96.1)
Not married 532 (4.8) 1801 (2.6)
Divorced 156 (1.4) 440 (0.6)
Widowed 2 (0.0) 8 (0.0)
Income (million yen) <0.001
<4 5365 (48.6) 26,685 (38.5)
4to <6 3330 (30.2) 23,426 (33.8)
>6 2333 (21.1) 19,256 (27.7)
Health behavioral factors
Breast feeding 3608 (32.7) 30,871 (44.5) <0.001
Smoking habit <0.001
Never 5731 (52.0) 41,243 (59.5)
Stopped before pregnancy 2553 (23.2) 16,436 (23.7)
Stopped after pregnancy 1845 (16.7) 8219 (11.9)
Current smoking 746 (6.8) 2781 (4.0)
Alcohol intake <0.001
Not 3564 (32.3) 23,926 (34.5)
Stopped 6354 (57.6) 37,715 (54.4)
Still drinking 1005 (9.1) 7177 (10.4)

AUB: abnormal uterine bleeding; BMI: body mass index; MH: medical history; PPD: postpartum depression; SD: standard deviation.

Furthermore, Kjeldgaard et al. [16] assessed HG,
using data from the Norwegian Mother and Child
Cohort Study and found that women with HG were at
risk of developing emotional distress during and after
pregnancy. The association with less severe forms of
NVP, however, was not assessed.

In contrast to our findings, Bozzo et al. [9], carry-
ing out a prospective study in order to examine the
association between NVP and depression during
pregnancy and during postpartum (6-18 weeks),
could not find any association. They used the
Pregnancy Unique Quantification of Emesis Scoring
System (PUQE) and the EPDS to assess NVP and
depression, respectively. The discrepancy with our

findings may be related to their small sample size of
57 weakening the power of that study, the time of
postnatal depression assessment and the tools used
for the evaluation of NVP.

Using a large sample size, our study evaluated NVP
by a simple question and assessed depression at one
month postpartum.

In this study, the level of depressive symptoms
increased with the severity of NVP which implies that
the impact of NVP on mood alteration is gradual and
its impact on quality of life is not necessarily normal-
ized after birth. NVP can reduce the quality of life,
with adverse effects on level of stress, social, occupa-
tional and daily life functioning of pregnant women.



6 S. M. J. MUCHANGA ET AL.

Table 2. Psychosocial and obstetrical factors of the study population according to the presence or

absence of PPD.

PPD (N=11,028)

No PPD (N=69,367)

Characteristics N (%) N (%) p Value
Psychosocial factors
Felling toward pregnancy <.001
Happy 6114 (55.4) 45,994 (66.3)
Happy though unplanned 3193 (29.0) 17,301 (24.9)
Confused though unplanned 1169 (10.6) 4377 (6.3)
Confused 158 (1.4) 293 (0.4)
Nothing particular 1(0.7) 290 (0.4)
Other 190 (1.7) 617 (0.9)
Partner support 8736 (79.2) 58,676 (84.6) <.001
Verbal violence 2796 (25.4) 8022 (11.6) <.001
Physical violence 353 (3.2) 608 (0.9) <.001
Obstetrical factors
Parity <.001
Primiparous 4165 (37.8) 19,576 (28.2)
Multiparous 6715 (60.9) 49,162 (70.9)
Mode of conception NS
Natural 10,293 (93.3) 64,630 (93.2)
Assisted 688 (6.2) 4423 (6.4)
Mode of delivery <.001
Normal 6059 (54.9) 40,455 (58.3)
Assisted delivery 2796 (25.4) 15,904 (23.0)
Cesarean section 2124 (19.3) 12,718 (18.3)
Threatened abortion 1449 (13.1) 8072 (11.6) <.001
Delivery complications 5303 (48.1) 30,474 (43.9) <.001
Preterm labor 2345 (21.3) 13,112 (18.9) <.001
PROM 1016 (9.2) 5527 (8.0) <.001
Hypertension 288 (2.6) 1428 (2.1) <.01
Gestational diabetes 265 (2.4) 1430 (2.1) <.05
Birth outcome factors
Infant sex NS
Male 5682 (51.5) 35,380 (51.0)
Female 5346 (48.5) 33,986 (49.0)
Fetal distress 281 (2.6) 1631 (2.4) NS
SGA 256 (2.3) 1264 (1.8) <.01
ICU admission 10(0.1) 85 (0.1) NS
Birth defect 735 (6.7) 4029 (5.8) <.01
Apgar < 7 at 5min 72 (0.7) 325 (0.5) <.05

ICU: intensive care unit; MH: medical history; NS: non significant; PPD: postpartum depression; PROM: premature rup-
ture of membranes; SD: standard deviation; SGA: small for gestational age.

These effects are exacerbated when the NVP severity
increases, causing a burden for the women [29,
32-34]. Heitmann et al. [35] had reported among
Scandinavian women a depressive feeling due to NVP
and a low willingness to become pregnant again. On
the other hand, a study assessing the severity of
maternal NVP in relation to depression and anxiety
was carried out among Australian expectant fathers;
authors did not find any correlation between father’s
depression and maternal NVP [21]. However, our study
did not evaluate the paternal mental health status.
Future study aiming to evaluate this relationship in
our population would be of great importance.

This study has several strengths, first its large sam-
ple size and its nationwide extent. To the best of our
knowledge, this is the largest prospective birth cohort
study to assess the association between NVP with
regards to its severity and PPD among Japanese
women. The large sample size derived from a

nationwide coverage is representative of pregnant
women in the community.

Second, PPD was evaluated by using a validated
tool, the EPDS. This 10-question scale is a widely rec-
ognized and effective screening tool.

Third, the assessment of NVP by a single and sim-
ple question with four possible answers can be
another strength of this study. The simplicity of the
question makes it easily applicable to all groups of
pregnant women. However, the limitation of the cur-
rent study is the fact that gradation of NVP symptoms
severity could be either underestimated or overesti-
mated, as each woman has her own susceptibility
making the assessment more subjective. In addition,
the question used has not yet been validated. In fact,
while the simplicity of the question intended to
reduce a possibility of misclassification of the symp-
toms, using a more structured and reliable tool such
as the Rhodes Index of Nausea, Vomiting and
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Table 3. Multivariate analysis of the association between PPD and NVP.

Risk factors Crude OR (95% Cl)

Model 1 OR (95% Cl)

Model 2 OR (95% Cl) Model 3 OR (95% Cl)

Mild NVP 1.19 (1.12-1.27)* 1.14 (1.07-1.21)*
Moderate NVP 1.28 (1.20-1.36)* 1.19 (1.12-1.28)*
Severe NVP 1.58 (1.47-1.71)* 1.45 (1.34-1.57)*

1.22 (1.14-1.31)*
1.28 (1.19-1.37)*
1.54 (1.42-1.68)*

1.26 (1.18-1.35)*
1.28 (1.19-1.38)*
1.54 (1.42-1.68)*

Cl: confidence interval; OR: odds ratio.
*p<.001

Model 1: Included psychiatric illness history and psychosocial factors.

Model 2: Model 1 plus obstetrical, gynecological risk and birth outcome factors.
Model 3 (final model): Model 2 plus socio-demographic and health behavioral factors.

Retching (INVR) would have obtained a more objective
assessment of the symptoms. The INVR has a total of
eight items, using a five-point Likert scale that meas-
ures nausea, vomiting and retching (NVR) and their
components (frequency/amount, duration, severity
and distress) within the previous 12 h [36]. It only con-
siders the 12 h before the survey, capable of providing
real-time information only. In our study, the simple
question asked during the second trimester of the
pregnancy encompassed events throughout the first
12 weeks of pregnancy and could serve as a valuable
tool for large population studies. Since NVP is a sub-
jective sign, reports of the symptoms by the pregnant
women should be enough for such assessment.

This study expands our knowledge on known risk
factors of PPD and will allow practitioners to be more
watchful with postpartum women who suffered
from NVP.

Since our study was conducted in Japan, our find-
ings may not apply to other populations with different
customs, ethnicities and ideologies.

Conclusion

This study found a positive association between NVP
and PPD assessed at one month. The association
increased with the severity of the NVP. This implies
that close monitoring of nausea and vomiting in preg-
nant women by health care providers is useful for not
only the issues directly related to NVP but also as a
marker for the potential development of PPD.
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Regional Center for JECS, Yokohama City University,
Yokohama, Japan), Zentaro Yamagata (Koshin Regional
Center for JECS, University of Yamanashi, Chuo,
Japan), Hidekuni Inadera (Toyama Regional Center for
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University, Nagoya, Japan), Takeo Nakayama (Kyoto
Regional Center for JECS, Kyoto University, Kyoto,
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Osaka University, Suita, Japan), Masayuki Shima
(Hyogo Regional Center for JECS, Hyogo College of
Medicine, Nishinomiya, Japan), Youichi Kurozawa
(Tottori Regional Center for JECS, Tottori University,
Yonago, Japan), Narufumi Suganuma (Kochi Regional
Center for JECS, Kochi University, Nankoku, Japan),
Koichi Kusuhara (Fukuoka Regional Center for JECS,
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