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Naomi Mitsuda1*, Masamitsu Eitoku1, Keiko Yamasaki2, Masahiko Sakaguchi2,5, Kahoko Yasumitsu-Lovell1,
Nagamasa Maeda3, Mikiya Fujieda4, Narufumi Suganuma1 and Japan Environment & Children’s Study (JECS) Group

Abstract

Background: Nausea and vomiting during pregnancy (NVP) is considered to be associated with favorable fetal
outcomes, such as a decreased risk for spontaneous abortion. However, the relationship between NVP and preterm
births remains unknown. This study was conducted to evaluate the association between NVP and the risk of preterm
births.

Methods: The dataset of a birth cohort study, the Japan Environment and Children’s Study (JECS), was retrospectively
reviewed. Participants’ experience of NVP prior to 12 gestational weeks were evaluated by a questionnaire
administered from 22 weeks of pregnancy to 1 month before delivery. NVP responses were elicited against
four choices based on which the study population was divided into four subcohorts. Preterm birth was the
main study outcome. Logistic regression analysis was used to quantify an association between NVP and risk
of preterm birth.

Results: Of 96,056 women, 79,460 (82.7%) experienced some symptoms of NVP and 10,518 (10.9%) experienced severe
NVP. Compared to those who did not experience NVP, women with severe NVP had lower odds for preterm birth
[adjusted odds ratio (aOR) 0.84, 95% confidence interval (95% CI) 0.74–0.95]. An even lower OR was found among very
preterm birth and extremely preterm birth (aOR 0.44, 95% CI 0.29–0.65).

Conclusion: An inverse association exists between NVP and preterm births, especially, very preterm births and extremely
preterm births.
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Background
Nausea and vomiting during pregnancy (NVP) is among
the most common clinical complaints in the first trimester
of pregnancy. NVP affects up to 70% of pregnant women,
but there is considerable variation among reported fre-
quencies (35–91%) [1]. NVP has been posited to have
multifactorial causation, including genetic, endocrine, and
gastrointestinal factors [2–4]. However, a clear etiopatho-
genesis of NVP has not been established. Some studies

have shown that NVP represents a favorable hormonal
milieu, accompanied by larger placentas and elevated
levels of chorionic gonadotrophin and estrogens in preg-
nant women [5, 6]. Another hypothesis asserts that the
role of NVP is to protect pregnant women and embryos
from foodborne pathogens and dietary toxins [7, 8].
In the context of these hypotheses, NVP is associated

with favorable fetal outcomes [9, 10]. A number of past
studies linked NVP with a decreased risk for spontan-
eous abortion [11–14]. Some studies have shown that
women who experience NVP have a lower risk of pre-
term birth than those without such symptoms [15, 16],
although other studies have shown no association or
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reported the opposite [17–19]. This study was con-
ducted to evaluate the association between maternal
NVP and preterm birth from the data of the Japan
Environment and Children’s Study (JECS).

Methods
Study design
We retrospectively analyzed the dataset of the JECS, a
long-term birth cohort study to elucidate the influence
of chemical exposures during the fetal period and early
childhood on children’s health with follow-up until age
13. The protocol and baseline data of this study are
available elsewhere [18].
For the JECS, pregnant women were recruited between

January 31, 2011 and March 31, 2014. Eligibility criteria
for study participants (expectant mothers) were as fol-
lows: 1) residing in the study areas at the time of recruit-
ment and attending collaborating healthcare providers;
2) expected delivery date after August 1, 2011; and 3)
capable of comprehending Japanese and completing
self-administered questionnaires. Details of the JECS
project have been described in a previous article [20].
With regards to exposure measurement, lifestyle and

other background information was collected using a
self-administered questionnaire distributed to participat-
ing pregnant women from the first trimester up to
21 weeks and 6 days of pregnancy (M-T1) and from
22 weeks of pregnancy to 1 month before delivery
(M-T2). Medical histories of past and present pregnan-
cies, and physical status of participants and their off-
spring, were collected from an obstetrician’s medical
chart at registration (Dr-T1) and at delivery (Dr-0 m).
Study analyses were based on M-T2, Dr-T1, and Dr-0 m.

Sample selection
The present study was based on the “jecs-ag-20,160,424”,
which was released in June, 2016. The JECS dataset in-
cluded 104,102 births. We excluded miscarriage (n = 1250)
and multiple births (n = 1929). We also excluded women
who had delivered before 26 weeks of gestation because
they may have delivered before the M-T2 questionnaire
was provided (n = 271). Moreover, we excluded cases with
missing data on gestational age (n = 2323), and cases with
missing data on NVP (n = 2273). In total, 96,056 births
were included in the final study sample (Fig. 1).

Variables
Information on NVP, maternal education, and maternal
smoking habits during pregnancy were obtained from
M-T2. In M-T2, participants were asked whether they
experienced NVP in the first 12 gestational weeks (1. did
not experience NVP; 2. nausea only; 3. experienced NVP
but could have meals; and 4. experienced NVP and
could not have meals).

Information on parity, maternal height, and pre-pregnancy
weight was obtained from Dr-T1, and data on maternal age,
gestational age, birth outcomes, and prenatal complications
were obtained from Dr-0 m. Participants underwent ultra-
sound examinations during the first trimester, and these
results were used to determine the expected date of delivery
if there was more than a 7-day difference between this date
and the date calculated from the last menstrual period.
Maternal age was categorized into six groups: younger

than 20 years, 20–24 years, 25–29 years, 30–34 years,
35–39 years, and 40 years or older. By data on parity,
the cohort was classified into nullipara and multipara. A
proxy for socioeconomic status, maternal length of edu-
cation, was categorized into ≤12 years and > 12 years.
Body mass index (BMI) was calculated from the infor-
mation on pre-pregnancy height and weight and catego-
rized into three groups: underweight (< 18.5 kg/m2),
normal (18.5–24.9 kg/m2) and overweight (≥25 kg/m2).
Maternal smoking habits were categorized into smoking
during pregnancy and others.
Gestational age, defined as an outcome variable, was cate-

gorized as post term (≥42 weeks), term (37–41 weeks) and
preterm (< 37 weeks). Further, preterm birth was subdi-
vided into moderately preterm (32–36 weeks), very preterm
(28–31 weeks), and extremely preterm (26–27 weeks) [21].

Statistical analyses
The study population was divided into four groups,
based on the answers to the questionnaire for NVP
symptoms as follows: those who did not experience
NVP (no NVP); those who experienced nausea only

Fig. 1 Flowchart for Selection of Participants from JECS

Mitsuda et al. BMC Pregnancy and Childbirth  (2018) 18:268 Page 2 of 7



(mild NVP); those who experienced NVP but could have
meals (moderate NVP); and those who experienced NVP
and could not have meals (severe NVP). Maternal char-
acteristics and pregnancy outcomes were compared
among the four NVP groups. Gestational age was com-
pared employing Kruskal–Wallis test for non-normally
distributed data. Categorical variables were compared
using a chi-squared test. P-values < 0.05 indicated statis-
tical significance.
Logistic regression analysis was used to estimate the as-

sociation between NVP and the risk of preterm birth. For
analysis of the odds ratio (OR) of preterm birth, we used a

dichotomized outcome variable: preterm birth (< 37 weeks)
and others (≥37 weeks). For analysis of OR of very pre-
term birth and extremely preterm birth, we used another
dichotomized outcome variable: very preterm birth and
extremely preterm birth (born at < 32 weeks of gestation)
and others (born at ≥32 weeks). ORs were adjusted for
maternal age, parity, maternal education, maternal
pre-pregnancy BMI, and smoking habits during preg-
nancy. Results are presented as crude odds ratios (cOR)
and adjusted odds ratios (aOR), or as mean differences
with 95% confidence intervals (95% CI). All analyses were
conducted using Stata 13.1 (Stata Corp, Texas).

Table 1 Maternal characteristics according to NVP status

Total No NVP Mild NVP Moderate NVP Severe NVP P value

n = 96,056 n = 16,596 n = 41,198 n = 27,744 n = 10,518

n n (%) n (%) n (%) n (%)

Maternal Age (years)

< 20 814 190 (1.2) 256 (0.6) 256 (0.9) 112 (1.1) < 0.001

20–24 8630 1678 (10.1) 3026 (7.4) 2787 (10.1) 1139 (10.8)

25–29 26,528 4487 (27.0) 10,775 (26.2) 8111 (29.2) 3155 (30.0)

30–34 34,075 5432 (32.7) 14,997 (36.4) 9967 (35.9) 3679 (35.0)

35–39 21,622 3861 (23.3) 10,038 (24.4) 5636 (20.3) 2087 (19.8)

≥ 40 4383 945 (5.7) 2106 (5.1) 986 (3.6) 346 (3.3)

Missinga 4

Parity

Nullipara 37,800 8244 (51.4) 15,404 (38.2) 10,040 (36.9) 4112 (40.1) < 0.001

Multipara 56,005 7804 (48.6) 24,875 (61.8) 17,170 (63.1) 6156 (60.0)

Missinga 2251

Education (years)

≤ 12 34,790 6398 (38.7) 14,118 (34.4) 10,320 (37.3) 3954 (37.8) < 0.001

> 12 60,893 10,126 (61.3) 26,931 (65.6) 17,315 (62.7) 6521 (62.3)

Missinga 373

BMI (kg/m2)

< 18.5 15,500 2859 (17.2) 6834 (16.6) 4167 (15.0) 1640 (15.6) < 0.001

18.5–24.9 70,221 12,141 (73.2) 30,216 (73.4) 20,351 (73.4) 7513 (71.5)

≥ 25 10,272 1584 (9.6) 4122 (10.0) 3209 (11.6) 1357 (12.9)

Missinga 63

Smoking during pregnancy

No 90,887 15,325 (93.3) 39,155 (95.8) 26,294 (95.5) 10,113 (97.0) < 0.001

Yes 4386 1106 (6.7) 1724 (4.2) 1239 (4.5) 317 (3.0)

Missinga 783

Pregnancy Complications

Threatened abortion 11,428 1695 (10.2) 4885 (11.9) 3451 (12.4) 1397 (13.3) < 0.001

Threatened premature labor 18,715 2896 (17.5) 7990 (19.4) 5566 (20.1) 2263 (21.5) < 0.001

Premature rupture of membrane 7932 1549 (9.3) 3374 (8.2) 2218 (8.0) 791 (7.5) < 0.001

Pregnancy-induced hypertension 2964 622 (3.8) 1189 (2.9) 841 (3.0) 312 (3.0) < 0.001

Chi-squared test
a Not included in percentage distribution
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Results
As shown in Table 1, the 96,056 pregnant women were
categorized into no NVP (n = 16,596; 17.3%), mild NVP
(n = 41,198; 42.9%), moderate NVP (n = 27,744; 28.9%),
and severe NVP (n = 10,518; 10.9%). Higher rates of no
symptoms of NVP were seen among women with older
age, nullipara, higher education, low pre-pregnancy BMI,
and smoking during pregnancy.
The prevalence of pregnancy-related complications

possibly causing preterm birth were also significantly dif-
ferent among the four groups. In women without NVP,
the prevalence of threatened abortion and threatened
premature labor were lowest, whereas rates of preterm
rupture of membrane and pregnancy-induced hyperten-
sion were highest (Table 1).
The overall rate of preterm births (< 37 weeks) was 4.6%

(4397/96,056). Rates of extremely (26–27 weeks), very
(28–31 weeks), and moderately (32–36 weeks) preterm
births were 0.09% (88/96,056), 0.38% (364/96,056), and
4.1% (3929/96,056), respectively. Median gestational age
was not statistically influenced by NVP status. However,
the prevalence of preterm birth was slightly higher in
women without NVP (Table 2). When compared to
women without NVP, women with mild or moderate NVP
had lower odds for overall preterm births (aOR 0.87, 95%
CI 0.80–0.95 and aOR 0.85, 95% CI 0.78–0.93, respect-
ively), and women with severe NVP had the lowest odds
(aOR 0.84, 95% CI 0.74–0.95; Table 3). Differences be-
tween women with and without NVP were more obvious
when the risk of very preterm birth and extremely pre-
term birth was analyzed. When compared to women with-
out NVP, women with mild or moderate NVP had lower

odds for very preterm birth and extremely preterm birth
(aOR 0.74, 95% CI 0.58–0.94 and aOR 0.62, 95% CI 0.47–
0.82, respectively), and women with severe NVP had the
lowest odds (aOR 0.44, 95% CI 0.29–0.67; Table 4).

Discussion
In our nationwide cohort study of approximately
100,000 births, we found that NVP symptoms were asso-
ciated with decreased risk of preterm birth. An even
lower OR was found for very preterm birth and
extremely preterm birth. Furthermore, pregnancy com-
plications such as preterm rupture of membrane and
pregnancy-induced hypertension were less frequent in
women who experienced at least some symptoms of
NVP than in women with no NVP.
These findings are similar to the results of a Norwegian

large cohort study showing higher prevalence of preterm
births in women who did not experience NVP than in
women who did experience NVP [15]. Czeizel showed
that women who had medically recorded NVP and were
treated for it had longer gestational age and a lower pro-
portion of preterm birth than women who had mild NVP
without any treatment or hospitalization due to hyperem-
esis gravidarum [16]. Klebanoff reported lower rates of
preterm births in women who reported vomiting during
pregnancy [13]. These two results are also similar to our
findings, whereas Naumann and Weigel reported no asso-
ciation between NVP and rate of preterm births [18, 19],
and Temming reported higher rates of preterm births in
women who reported NVP [17].
As Czeizel indicated, these previous inconsistent

results may be attributed to the difference in the

Table 2 Distribution of gestational week according to NVP status

Total No NVP Mild NVP Moderate NVP Severe NVP P value

n = 96,056 n = 16,596 n = 41,198 n = 27,744 n = 10,518

Gestational week, Median (p5–p95), weeks

39.4 (37.0–41.1) 39.4 (36.9–41.3) 39.4 (37.0–41.1) 39.4 (37.0–41.1) 39.4 (37.0–41.3) 0.006a

Gestational week, n(%)

26–27 week 88 16 (0.10) 46 (0.11) 20 (0.07) 6 (0.06) < 0.001b

28–31 week 364 94 (0.6) 152 (0.4) 93 (0.3) 25 (0.2)

32–36 week 3929 743 (4.5) 1674 (4.1) 1089 (3.9) 423 (4.0)

37–41 week 91,454 15,694 (94.6) 39,224 (95.2) 26,495 (95.5) 10,041 (95.5)
a Kruskal-Wallis test
b Chi-squared test

Table 3 Odds ratio of preterm birth in relation to NVP status

No NVP Mild NVP Moderate NVP Severe NVP

OR 95% CI P value OR 95% CI P value OR 95% CI P value

Crude Odds ratio 1(reference) 0.88 0.81–0.95 0.002 0.84 0.76–0.91 < 0.001 0.83 0.74–0.94 0.002

Adjusted Odds ratioa 1(reference) 0.87 0.80–0.95 0.002 0.85 0.78–0.93 0.001 0.84 0.74–0.95 0.004
a Adjusted for maternal age, BMI, smoking, education and parity
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definition/classification of NVP [16]. Various classifica-
tions of NVP were used in past studies because NVP still
has no universally accepted definition/classification.
Some studies classified NVP into three categories: no
NVP, nausea only, and nausea/vomiting [14, 15, 19].
Other studies classified NVP into two categories, but
how they assigned the categories varied [13, 16, 18].
Koren established a scoring system for NVP, classifying
them into none, mild, moderate, and severe according to
the number of vomiting or retching episodes and the
length of nausea episodes [6, 22]. In our study, although
the questionnaire about NVP had four choices, it did
not collect information on duration or frequency of
NVP. Therefore, we might not be able to precisely esti-
mate the severity of NVP from our questionnaire in the
manner Koren recommended. However, when we ana-
lyzed the variables of NVP by merging three choices
with any symptoms of NVP into one category, the as-
sociation between NVP and preterm births remained
negative (data not shown).
Other possible reasons for previous inconsistent

results may be the mild effect of NVP on gestational
age and the difference of sample size [16]. In this
study, the association between NVP and decreased
risk of preterm birth was statistically significant. How-
ever, the clinical impact induced by this association is
considered to be modest. Therefore, a large sample
size is needed to demonstrate the association between
NVP and birth outcomes. Previous studies which
demonstrated an association between NVP and
decreased risk of preterm birth had a large sample
size. For example, Czeizel examined 38,151women
and Chortatos examined 51,675 women, respectively
[15, 16]. However, studies which concluded there was
no association between NVP and preterm birth had
smaller sample sizes [17, 18]. Our study showed the
generalizability of previous findings from large cohort
studies to an Asian population.
The etiopathogenesis of NVP, although unclear, is

likely to be multifactorial, including placenta-mediated
mechanisms [5]. Niebyl mentioned that NVP is less
common in older women, multiparous women and
smokers, which is attributed to the smaller placental vol-
umes in these women [23]. In our study, NVP was less
common in older women and smokers, as in Niebyl’s
study. Furthermore, NVP is more common in women

with high BMI. This fact further supports Niebyl’s
speculation, because overweight and obese women gen-
erally have a heavier placenta [24]. However, multiparous
women experienced NVP more often than nulliparous
women in this study, which diverges from Niebyl’s
report. To prove the hypothesis that placental volume
affects symptoms of NVP, future investigations on the
association between placental characteristics and NVP
status is needed.
Several limitations pertaining to this study should be

considered. Information on the duration of NVP, treat-
ment of NVP and late onset NVP could not be obtained.
Therefore, we could not assess prolonged NVP and late
onset NVP. The fact that information on maternal char-
acteristics and NVP were missing in some cases was also
a limitation. Some women who delivered preterm babies
before 26 weeks may have failed to answer the question-
naire because they may have delivered before the ques-
tionnaire was provided. Therefore, we excluded women
who had delivered before 26 weeks of gestation.
The strengths of our study are that it is a large

population-based cohort study. To our knowledge, our
study is the largest study to date on this topic and the
first study to evaluate the association between NVP and
preterm births in the Asian population. These data
enabled us to analyze risks of subgroups that experi-
enced preterm birth against a range of confounding fac-
tors, including maternal characteristics and prenatal risk
factors. The fact that information on NVP were obtained
before delivery is another strength of this study. Besides
the adjustment for confounders, the standardized health-
care system in Japan and the relatively homogeneous
Japanese pregnant population should limit possibilities
of residual confounding.

Conclusion
NVP was inversely associated with preterm births, espe-
cially for very preterm births and extremely preterm births.
Further investigation of the association between severity of
NVP and placental characteristics or hormonal milieu is
needed.

Abbreviations
aOR: Adjusted odds ratio; BMI: Body mass index; CI: Confidence interval;
cOR: Crude odds ratio; JECS: The Japan Environment and Children’s Study;
NVP: Nausea and vomiting during pregnancy; OR: Odds ratio

Table 4 Odds ratio of very preterm birth and extremely preterm birth in relation to NVP status

No NVP Mild NVP Moderate NVP Severe NVP

OR 95% CI P value OR 95% CI P value OR 95% CI P value

Crude Odds ratio 1(reference) 0.72 0.57–0.91 0.007 0.61 0.47–0.80 < 0.001 0.44 0.30–0.66 < 0.001

Adjusted Odds ratioa 1(reference) 0.74 0.58–0.94 0.01 0.62 0.47–0.82 0.001 0.44 0.29–0.67 < 0.001
a Adjusted for maternal age, BMI, smoking, education and parity
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