
Threatened abortion, threatened premature labor,
and preterm birth during the first state of emergency
for COVID-19 in 2020 in Japan

Sumiyo Okawa1,2 , Yoshihiko Hosokawa3, Keiko Nanishi4, Masayoshi Zaitsu5 and
Takahiro Tabuchi2

1Institute for Global Health Policy Research, Bureau of International Health Cooperation, National Center for Global Health and
Medicine, Tokyo, Japan
2Cancer Control Center, Osaka International Cancer Institute, Osaka, Japan
3Department of Obstetrics and Gynecology, Faculty of Medicine, University of Tsukuba, Ibaraki, Japan
4Office of International Academic Affairs, Graduate School of Medicine and Faculty of Medicine, The University of Tokyo, Tokyo, Japan
5Department of Public Health, School of Medicine, Dokkyo Medical University, Tochigi, Japan

Abstract

Aim: This study examined the maternal experience of threatened abortion, threatened premature labor, or
preterm birth before, during, and after the first state of emergency for COVID-19 in 2020 in Japan.
Methods: This was a cross-sectional, internet-based questionnaire survey. We recruited 600 postpartum
women and divided them into three groups by date of delivery: before (October 2019–March 2020), during
(April–May 2020), and after (June–October 2020) the first state of emergency. The outcome was the presence
of at least one of the following complications: threatened abortion, threatened premature labor, and/or pre-
term birth. The prevalence ratios (PRs) of the outcome were calculated and compared among the three
groups using a multivariable Poisson regression model with adjustment for potential confounders.
Results: Of the 553 women eligible for analysis, those who delivered during (PR 0.69, 95% confidence inter-
val [CI] 0.47–0.99) and after (PR 0.62, 95% CI 0.42–0.90) the state of emergency were less likely to have expe-
rienced either threatened abortion, threatened premature labor, or preterm birth than those who delivered
before the state of emergency. Among the adjustment variables, smoking at the time of survey (PR 1.68, 95%
CI 1.01–2.80) and living in the prefectures with a population of >5 million (PR 0.71, 95% CI 0.51–0.97) were
associated with the study outcome.
Conclusion: Threatened abortion, threatened premature labor, or preterm birth appeared to decrease during
and after the first state of emergency in 2020. The longitudinal effects of coronavirus disease on maternal
and newborn health should be monitored continuously.
Key words: COVID-19, maternal health, preterm birth, threatened abortion, threatened premature labor.

Introduction

Pregnant women are vulnerable to natural and
human disasters, such as the pandemic of the novel
coronavirus disease 2019 (COVID-19). Since the

beginning of the COVID-19 pandemic, the risk of
COVID-19 infection to maternal and neonatal health
has been a serious concern. Previous studies have
reported that infected pregnant women commonly pre-
sent with fever and cough, and they are more likely to
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require intensive care or invasive ventilation than
infected nonpregnant women.1 Furthermore, infected
pregnant women were more likely to experience pre-
term birth, while their newborns were more likely to
need neonatal care unit admission than uninfected preg-
nant women and their newborns.1 Among 256 newborns
born to mothers infected with COVID-19, four (1.6%)
were tested positive for the virus.2 These data show that
the COVID-19 outbreak is a threat to both pregnant
women and their newborns.
During the COVID-19 pandemic, pregnant women

encountered socio-environmental changes that they
had never experienced before, such as movement
restrictions and limited access to maternity care ser-
vices. Pregnant women were restrained from antenatal
care visits or institutional delivery in India and
Nepal,3,4 received less medical counseling and social
support in Belgium,5 and had limited opportunities to
receive support for breastfeeding and childcare in the
United Kingdom.6 In this unusual situation, more preg-
nant and postpartum women experienced anxiety and
depression.7,8 Furthermore, studies have reported that
the incidence of gestational diabetes and hypertensive
disorders of pregnancy increased in Israel,9 and control
of gestational diabetes deteriorated in France.10 Mean-
while, some positive changes were observed, such as
the number of premature births decreased in Denmark
and the Netherlands11,12 and the number of newborns
born with very low birth weight decreased in Ireland.13

Regarding other natural disasters, a small increase in
the incidence of preterm birth was observed in the area
affected by ice storm,14 whereas no change in its inci-
dence was reported in areas affected by a major earth-
quake15 or flood.16 The influence of COVID-19 on
pregnant women’s health and birth outcomes may not
necessarily be similar to that of other natural disasters.
Preterm birth occurs through multiple mechanisms,

including intrauterine infection/inflammation, uterine
ischemia, uterine overdistension, allergic phenomena,
cervical insufficiency, or hormonal disorders.17 Work-
ing long hours or engaging in stressful physical labor
are known risk factors for preterm birth.18–20 The
potential mechanism for the decrease in preterm birth
during the COVID-19 lockdown is considered to be
the reduction of infection-related inflammation or
physical stress due to hygiene practices and stay-
home obligations.11,12

In Japan, the national government first declared the
state of emergency to seven prefectures on April
7, 2020, and officially ended the restriction on May
25, 2020.21 The number of confirmed cases of and

deaths due to COVID-19 in the country as of April
7, 2020, were 3906 and 80, respectively, which were
fewer than that of the majority of European and
North American countries.22 Although the govern-
ment did not apply a lockdown measure, it strongly
requested that individuals practice basic hygiene, self-
restrict going out, and work from home. As for preg-
nant women, the government requested employers to
assess COVID-19-related anxiety and stress in preg-
nant women and make necessary arrangements to
improve work conditions or environments for these
women.23 The Japan Society of Obstetrics and Gyne-
cology and Japan Association of Obstetricians and
Gynecologist announced several suggestions to pre-
vent further transmission of COVID-19, including
pregnant women may need to extend the interval
between antenatal check-ups and be restrained from
returning to their hometown for delivery24 and
staying at their parents’ home to receive their support
during pregnancy and the postpartum period,
although these are common practices in Japan. From
January to June 2020, an estimated 0.03% of pregnant
women were confirmed to have COVID-19 in 1418
facilities across the country.25 Furthermore, a study
reported that the number of neonatal intensive care
unit admissions, neonatal resuscitation, and preterm
birth decreased during the COVID-19 outbreak, based
on the administrative data of 186 hospitals.26 To fur-
ther assess this evidence, we examined the incidence
of threatened abortion, threatened premature labor,
and preterm birth before, during, and after the first
state of emergency for COVID-19 in 2020 in Japan,
based on maternal reports.

Methods
Study design, setting, and data source

This is a cross-sectional, internet-based questionnaire
survey and part of the “Japan COVID-19 and Society
Internet Survey (JACSIS) study.” The JACSIS study
consisted of three surveys with the following targets:
general population, pregnant and postpartum
women, and adults from single-parent households.
The study samples for each survey were retrieved
from the pooled panels of an internet research agency
(Rakuten Insight, Inc.), which had approximately 2.2
million panelists in 2019.27 Of the three surveys, we
used the data of the pregnant and postpartum women
survey. Of the 21 896 women who had given birth
later than October 2019 or were expected to give birth
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by March 2021, 4373 were selected using simple ran-
dom sampling and received an invitation e-mail to
participate in the survey. Women who had a miscar-
riage or preterm birth were excluded at recruitment.
Data collection began on October 15, 2020, and ended
on October 25, 2020, when the sample size reached
the target of 1000 women (i.e., 400 pregnant women
and 600 postpartum women).

The survey questionnaire consisted of demographic
and socioeconomic characteristics of the women, the
profile of their latest pregnancy, including complications
experienced by women during pregnancy, and the
health status of newborns at birth. Women responded to
the questionnaire, which was based on the information
documented in the Maternal and Child Health Hand-
book that all pregnant women were provided by the
local administration, and their health information was
recorded by healthcare professionals at every check-up.
The question items on maternal complications during
pregnancy included threatened abortion, threatened pre-
mature labor, preterm birth (i.e., birth before the 37th
week of gestation), hypertensive disorders of pregnancy,
gestational diabetes, preeclampsia, placenta previa, pla-
cental abruption, worsened pre-existing illnesses, or
other medical conditions requiring hospitalization. The
two question items on neonatal health status within the
first 7 days after birth included low birth weight (i.e.,
<2500 g) and neonatal intensive care unit admission.
Other information on the profile of the latest pregnancy
was parity, whether the latest pregnancy was planned,
whether it was conceived by fertility treatment, fre-
quency of antenatal care visits, and whether the delivery
was assisted by cesarean section. Information regarding
the history of COVID-19 was not collected.

Study sample

The inclusion criteria of the study sample were
women who had live births between October 2019
and October 2020. Of the 600 postpartum women
who participated in this study, we excluded seven
women who had multiple births and 40 who gave
unnatural or inconsistent responses according to our
pre-determined definition. One woman who had a
cesarean section due to suspected COVID-19 was
included in the analysis. This resulted in a final sam-
ple of 553 postpartum women for the analysis.

Exposure variables

The included women were categorized into three
groups by date of delivery, with a focus on the period
in which the first state of emergency was adopted

between April and May 2020. Thus, we categorized
women by having delivered between October 2019
and March 2020 (before the state of emergency),
between April and May 2020 (during the state of
emergency), or between June and October 2020 (after
the state of emergency). The sample sizes for each
group were 185, 187, and 181, respectively (Table 1).

Outcome variable

The outcome variable was whether a woman experi-
enced threatened abortion, threatened premature
labor, and/or preterm birth during the last pregnancy
or delivery.

Adjustment variables

We adjusted for the women’s characteristics: age (cate-
gorized as groups by years: 21–29, 30–34, 35–39, or
40–43), parity (primipara or multipara), planned preg-
nancy (yes or no), conception by fertility treatment (yes
or no), the frequency of antenatal care visit (reduced or
not reduced), having had at least one of the seven com-
plications during pregnancy (i.e., hypertensive disorders
of pregnancy, gestational diabetes, preeclampsia, pla-
centa previa, placental abruption, progress of pre-
existing illnesses, or other medical condition requiring
hospitalization) (yes or no), annual household income in
2019 (<5 million, 5–7.9 million, or ≥8 million by Japanese
yen), work type (office work, interpersonal work, physi-
cal work, or never worked after January 2019), partner
support based on whether a woman does not receive at
least one of the three supports (i.e., support given by
partner when a woman is in need, emotional acceptance
by partner, or sharing housework and childcare with
partner) (poor or not poor), smoking status at the time
of survey (smoking every day or sometimes, never or
previously smoked), and prefecture where a women
resides (prefectures with populations greater or less than
5 million individuals28).

Statistical analysis

We compared the sociodemographic characteristics and
complications experienced by women during pregnancy
and the health status of their newborns. We then
focused on threatened abortion, threatened premature
labor, or preterm birth and compared the incidence of
having at least one of the three complications among
women who delivered before, during, and after the state
of emergency using a multivariable Poisson regression
model with adjustment for the abovementioned con-
founders. Using the same regression model, the inci-
dence of each complication (i.e., threatened abortion,
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TABLE 1 Basic characteristics of the participating women

Total

Dates of delivery

Oct. 2019–Mar. 2020 Apr. 2020–May 2020 Jun. 2020–Oct. 2020 Total

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

185 (33.5) 187 (33.8) 181 (32.7) 553 (100.0) p-value

Socio-demographic characteristics
Age 0.30

21–29 52 (28.1) 43 (23.0) 43 (23.8) 138 (25.0)
30–34 82 (44.3) 95 (50.8) 79 (43.7) 256 (46.3)
35–39 40 (21.6) 45 (24.1) 48 (26.5) 133 (24.1)
40–43 11 (6.0) 4 (2.1) 11 (6.1) 26 (4.7)

Parity 0.07
Primipara 94 (50.8) 107 (57.2) 82 (45.3) 283 (51.2)
Multipara 91 (49.2) 80 (42.8) 99 (54.7) 270 (48.8)

Planned pregnancy 0.63
Yes 155 (83.8) 159 (85.0) 158 (87.3) 472 (85.4)
No 30 (16.2) 28 (15.0) 23 (12.7) 81 (14.7)

Conception by fertility treatment 0.17
Yes 25 (13.5) 32 (17.1) 38 (21.0) 95 (17.2)
No 160 (86.5) 155 (82.9) 143 (79.0) 458 (82.8)

Antenatal care visit 0.11
Reduced 4 (2.2) 12 (6.4) 11 (6.1) 27 (4.9)
Did not reduce 181 (97.8) 175 (93.6) 170 (93.9) 526 (95.1)

Mode of delivery 0.71
Vaginal delivery 143 (77.3) 151 (80.8) 146 (80.7) 440 (79.6)
Cesarean section due to
suspected COVID-19

1 (0.5) 0 (0.0) 0 (0.0) 1 (0.2)

Emergency cesarean
section

20 (10.8) 16 (8.6) 13 (7.2) 49 (8.9)

Planned cesarean section 21 (11.4) 20 (10.7) 22 (12.2) 63 (11.4)
Marital status 0.79

Married 184 (99.5) 185 (98.9) 180 (99.5) 549 (99.3)
Not married 1 (0.5) 2 (1.1) 1 (0.6) 4 (0.7)

Household income (million yen) 0.25
<5 million 67 (36.2) 54 (28.9) 49 (27.1) 170 (30.7)
5–7.9 million 59 (31.9) 73 (39.0) 62 (34.3) 194 (35.1)
≥8 million 44 (23.8) 38 (20.3) 45 (24.9) 127 (23.0)
Declined to answer or do
not know

15 (8.1) 22 (11.8) 25 (13.8) 62 (11.2)

Work type 0.02*
Office 54 (29.2) 53 (28.3) 58 (32.0) 165 (29.8)
Interpersonal 51 (27.6) 52 (27.8) 35 (19.3) 138 (25.0)
Physical 33 (17.8) 40 (21.4) 22 (12.2) 95 (17.2)
Never worked after
January 2019

47 (25.4) 42 (22.5) 66 (36.5) 155 (28.0)

Partner support 0.76
Poor support 11 (6.0) 8 (4.3) 9 (5.0) 28 (5.1)
Not poor support 174 (94.1) 179 (95.7) 172 (95.0) 525 (94.9)

Smoking at the time of survey 0.76
Smoking every day or
sometimes

10 (5.4) 8 (4.3) 7 (3.9) 25 (4.5)

Never or previously
smoked

175 (94.6) 179 (95.7) 174 (96.1) 528 (95.5)

Prefecture of residence 0.43
Prefectures with
population > 5 million

109 (58.9) 121 (64.7) 107 (59.1) 337 (60.9)

Prefectures with
population < 5 million

76 (41.1) 66 (35.3) 74 (40.9) 216 (39.1)

*p-Value < 0.05.
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threatened premature labor, and preterm birth) was
compared based on the delivery dates and reported in
Supporting Information. Furthermore, we calculated the
percentage of preterm birth among those who had
threatened abortion or threatened premature labor and
reported it in Supporting Information. A p-value of
<0.05 was considered statistically significant. All ana-
lyses were performed using Stata version 15.1
(StataCorp LLC; College Station, TX, USA).

Ethical considerations

This study was approved by the Institutional Review
Board of the Osaka International Cancer Institute on
June 19, 2020 (approval number: 20084). This internet
survey was conducted anonymously, and informed
consent was obtained from each woman at the begin-
ning of the survey.

Results

Table 1 shows the distribution of the basic characteristics
of the women in the three groups. Of the 553 women,
46.3% were aged 30–34 years and 51.2% were primipa-
rous. More than 85% had planned for this pregnancy,
and 17.2% conceived with the assistance of fertility

treatment. Only 2.2% of women who delivered before
the state of emergency reduced the number of antenatal
care visits, whereas more than 6% of those who deliv-
ered during or after the state of emergency did so
(p = 0.11). Approximately 5% smoked combustible or
heated tobacco every day or sometimes at the time of
the survey. Sixty percent were living in prefectures with
a population of >5 million. Of the basic characteristics,
the distribution of work type was significantly different
among the three groups (p = 0.02).
Table 2 shows complications and health problems

experienced by women or their newborns. The percent-
age of women who had either threatened abortion,
threatened premature labor, or preterm birth was
28.7%, 19.8%, and 18.2% before, during, and after the
first state of emergency, respectively (p = 0.04). The
percentage of women who had at least one complica-
tion other than the abovementioned complications was
17.3%, 17.1%, and 17.7% before, during, and after the
state of emergency, respectively (p = 0.99). The percent-
age of neonates whose birth weight was <2500 g was
approximately 9% across the three periods (p = 0.95).
Table 3 shows the associations of delivery dates

and adjustment variables with having either threat-
ened abortion, threatened premature labor, or preterm
birth. Women who delivered during (adjusted

TABLE 2 Maternal complications during pregnancy and delivery and their newborns’ health

Dates of delivery

Oct. 2019–Mar. 2020 Apr. 2020–May 2020 Jun. 2020–Oct. 2020 Total

n (%) n (%) n (%) n (%) p-value

Experienced threatened abortion,
threatened premature labor, or
preterm birth

53 (28.7) 37 (19.8) 33 (18.2) 123 (22.2) 0.04*

Threatened abortion 19 (10.3) 15 (8.0) 9 (5.0) 43 (7.8) 0.17
Threatened premature labor 42 (22.7) 28 (15.0) 27 (14.9) 97 (17.5) 0.08
Preterm birth within 37
gestational weeks

11 (6.0) 5 (2.7) 6 (3.3) 22 (4.0) 0.23

At least one of the following
seven maternal complications

32 (17.3) 32 (17.1) 32 (17.7) 96 (17.4) 0.99

Hypertensive disorders of
pregnancy

12 (6.5) 10 (5.4) 12 (6.6) 34 (6.2) 0.85

Gestational diabetes 6 (3.2) 12 (6.4) 9 (5.0) 27 (4.9) 0.36
Preeclampsia 1 (0.5) 1 (0.5) 3 (1.7) 5 (0.9) 0.43
Placenta previa 4 (2.2) 7 (3.7) 6 (3.3) 17 (3.1) 0.66
Placental abruption 2 (1.1) 1 (0.5) 0 (0.0) 3 (0.5) 0.37
Worsened preexisting illnesses 6 (3.2) 8 (4.3) 3 (1.7) 17 (3.1) 0.34
Other medical conditions
requiring hospitalization

7 (3.8) 7 (3.7) 7 (3.9) 21 (3.8) 1.00

Birth weight < 2500 g 18 (9.7) 18 (9.6) 16 (8.8) 52 (9.4) 0.95
Admitted in neonatal intensive
care unit

13 (7.0) 10 (5.4) 14 (7.7) 37 (6.7) 0.64

*p-Value <0.05.
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prevalence ratio [aPR] 0.69, 95% CI 0.47–0.99) and
after (aPR 0.62, 95% CI 0.42–0.90) the first state of
emergency were less likely to experience these prob-
lems than those who delivered before the state of

emergency. Regarding adjustment variables, those
who smoked every day or sometimes were more
likely to have experienced one of these problems than
those who had never or previously smoked (aPR 1.68,

TABLE 3 Associations of delivery dates and adjustment variables with having either threatened abortion, threatened pre-
mature labor, or preterm birth

Experienced outcome

Yes No

n (%) n (%) p-value Adjusted PR (95% CI)

Total 123 (22.2) 430 (77.8)
Date of delivery 0.04

September 2019–March 2020 53 (28.7) 132 (71.4) 1.00
April 2020–May 2020 37 (19.8) 150 (80.2) 0.69 (0.47–0.99)*
June 2020–October 2020 33 (18.2) 148 (81.8) 0.62 (0.42–0.90)*

Age 0.06
21–29 29 (21.0) 109 (79.0) 1.00
30–34 69 (27.0) 187 (73.1) 1.30 (0.88–1.92)
35–39 20 (15.0) 113 (85.0) 0.70 (0.41–1.19)
40–43 5 (19.2) 21 (80.8) 0.79 (0.33–1.86)

Parity 0.16
Primipara 56 (19.8) 227 (80.2) 1.00
Multipara 67 (24.8) 203 (75.2) 1.32 (0.93–1.87)

Planned pregnancy 0.57
Yes 103 (21.8) 369 (78.2) 1.00
No 20 (24.7) 61 (75.3) 1.22 (0.78–1.89)

Conception by fertility treatment 0.61
Yes 23 (24.2) 72 (75.8) 1.00
No 100 (21.8) 358 (78.2) 0.79 (0.52–1.20)

Antenatal care visit 0.64
Reduced 7 (25.9) 20 (74.1) 1.00
Not reduced 116 (22.1) 410 (78.0) 1.01 (0.55–1.88)

Complicationsa 0.21
Yes 26 (27.1) 70 (72.9) 1.38 (0.95–2.00)
No 97 (21.2) 360 (78.8) 1.00

Household income (yen last year) 0.75
<5 million 38 (22.4) 132 (77.7) 1.00
5–7.9 million 42 (21.7) 152 (78.4) 1.04 (0.70–1.52)
≥8 million 26 (20.5) 101 (79.5) 1.05 (0.67–1.64)
Declined to answer or do not know 17 (27.4) 45 (72.6) 1.24 (0.77–2.00)

Work type 0.68
Office 37 (22.4) 128 (77.6) 1.00
Interpersonal 26 (18.8) 112 (81.2) 0.73 (0.47–1.14)
Physical 24 (25.3) 71 (74.7) 1.08 (0.69–1.69)
Never worked after January 2019 36 (23.2) 119 (76.8) 0.88 (0.57–1.36)

Partner support 0.30
Poor support 4 (14.3) 24 (85.7) 0.65 (0.27–1.56)
Not poor support 119 (22.7) 406 (77.3) 1.00

Smoking status 0.03
Smoking every day or sometimes 10 (40.0.) 15 (60.0) 1.68 (1.01–2.80)*
Never or previously smoked 113 (21.4) 415 (78.6) 1.00

Place of residence 0.04
Prefectures with population > 5 million 65 (19.3) 272 (80.7) 0.71 (0.51–0.97)*
Prefectures with population < 5 million 58 (26.9) 158 (73.2) 1.00

Abbreviations: CI, confidence interval; PR, prevalence ratio; aComplications: having had at least one of the following seven complications
during pregnancy (i.e., hypertensive disorders of pregnancy, gestational diabetes, preeclampsia, placenta previa, placental abruption,
progress of pre-existing illnesses, or other medical conditions requiring hospitalization) and *p-Value < 0.05.
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95% CI 1.01–2.80). Those who were living in prefec-
tures with a population of >5 million were less likely
to have experienced one of these problems than those
living in prefectures with a population of <5 million
(aPR 0.71, 95% CI 0.51–0.97).

Table S1 reveals the associations of the delivery date
with threatened abortion, threatened premature labor,
and preterm birth, with adjustment for potential con-
founders (Supporting Information). The odds of threat-
ened abortion, threatened premature labor, and preterm
birth tended to be lower in those who delivered during
and after the state of emergency than those who deliv-
ered before the first state of emergency, although they
were not necessarily significant.

Table S2 presents the percentage of preterm birth
among women who had threatened abortion or
threatened premature labor during pregnancy.
Among 114 eligible women, the percentage of those
who had preterm birth was 14.3%, 8.6%, and 10.0%
among women who delivered before, during, and
after the first state of emergency, respectively, with no
significant difference.

Discussion

This study assessed preterm delivery and its related
complications during pregnancy that might have been
affected by lifestyle changes during the first state of
emergency for COVID-19. We found that women
who delivered between April and May 2020 (during
the state of emergency) were less likely to have expe-
rienced threatened abortion, threatened premature
labor, or preterm delivery than those who delivered
between October 2019 and March 2020 (before the
state of emergency). This finding was similar to that
of a previous study that reported a decline in preterm
birth in Japan between the calendar weeks 10 and
17 (nearly March and April) of 2020, compared with
that between the calendar weeks of 2 and 9 (January
and February) of 2020.26 Furthermore, our study
found that the percentage of women who experienced
threatened abortion, threatened premature labor, or
preterm birth was continuously low in women who
delivered between June and October of 2020 after the
state of emergency.

Although we should carefully interpret this result
because this study had a small sample size and mea-
sured self-reported incidence of perinatal complica-
tions, we considered the results reasonable for the
following reasons. First, threatened abortion and

threatened premature labor are relatively soft end-
points, which may lead to different diagnoses and
indications for hospitalization, depending on the
change in the situation of the COVID-19 pandemic
and its effect on the functions of hospital systems.
However, the incidence of threatened abortion, threat-
ened premature labor, and preterm birth per delivery
date showed a nearly identical tendency (Table S1,
Supporting Information). Second, our findings may
also be supported by the evidence of nationwide
reduction of preterm births during the lockdown in
Denmark, the Netherlands, and Japan.11,12,26 An
underlying mechanism discussed in these studies was
that lockdown or movement restriction measures led
to a decrease in infection load and physical stress,
which are common risk factors for preterm birth,
resulting in the reduction of preterm births in these
countries.11,12 In this study, we observed the lowest
incidence of threatened abortion, threatened prema-
ture labor, or preterm birth in women who delivered
after the state of emergency. Although we have insuf-
ficient data to explain the reasons for the further
decline, this could be explained by the fact that these
women might have a longer period of decreased
active movement during and after the state of emer-
gency and maternity leave than those who delivered
before or during the state of emergency.
Although our finding implies that the decrease in

excessive physical activity or stress due to movement
restrictions may be associated with the reduced risk
of threatened abortion, threatened premature labor,
and preterm birth during the first state of emergency,
the benefits of physical exercise and the risk of seden-
tary activity should be noted. Systematic review and
meta-analysis studies reported that physical activity
(e.g., leisure-time activity and walking) was inversely
associated with high gestational weight gain,29 gesta-
tional diabetes,30 preeclampsia,31 or preterm birth.32

Combining the evidence with our findings, physical
activity that aims at maintaining healthy pregnancy
should be assured even during the pandemic which
requires movement restrictions. A detailed measure-
ment of the frequency and intensity of physical activ-
ity and the association with preterm birth and other
pregnancy-related complications would be worth
investigating in a future study.
Women living in nine prefectures with a population

of >5 million were less likely to have experienced
threatened abortion, threatened premature labor, or
preterm birth. Of these prefectures, eight had the
highest population density in the country,33 and
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seven were the first prefectures that were designated
as the state of emergency in April 202021 owing to the
higher incidence of COVID-19. Although we cannot
explain this result with a causal relationship owing to
the lack of data on self-restraint preventive behavior
or accessibility to maternity care services, an interpre-
tation could be that women living in urban areas
might have perceived themselves to be at a high risk
of COVID-19 and practiced self-restraint measures
with high compliance and for long periods, or these
women living in urban areas have good access to
maternity care services, allowing them to respond to
complications easily as the need arises. These situa-
tions may be related to the association between living
in an urban prefecture and the study outcome.
Among potential confounders, women who used

combustible or heated tobacco at the time of the sur-
vey (i.e., in the postpartum period) were more likely to
have experienced threatened abortion, threatened pre-
mature labor, or preterm birth. We should carefully
interpret the result because we cannot explain the
causal relationship due to the lack of data on smoking
status during pregnancy. However, a potential expla-
nation is that some women who were smoking in the
postpartum period might have also smoked before or
during pregnancy, which might have affected the
study outcome as previous studies reported smoking
increased the risk of preterm birth.34,35 A further study
that examines smoking status during pregnancy and
the postpartum period will be worth conducting.
This study has several limitations. First, the study

participants may not represent the general population
because we used pooled panelists from an internet
survey agency and excluded women who had miscar-
riages or stillbirths from study participation. More-
over, women who had a difficult experience with the
latest pregnancy might have declined to participate in
the study, which would bias our results. Second, the
measurement of the study outcome was potentially
biased due to the following reasons. Self-reported
data on maternal and neonatal health status might
have compromised data accuracy. To maximize accu-
racy, we requested women to cross-check the health
records in the Maternal and Child Health Handbook
as a reference. In addition, varying criteria of diagno-
sis followed by physicians might affect the measure-
ment of the study outcome. Moreover, the number of
diagnosed cases might have decreased due to move-
ment restrictions during the state of emergency,
including maternal care service visits. The lack of data
on the causes of preterm birth might have biased the

interpretation of the study results because some
women had to terminate pregnancy during the pre-
term period due to medical reasons. Third, dividing
women by the expected date of delivery might have
provided a clearer association between the state of
emergency and the study outcome. However, we cat-
egorized women by the actual date of delivery
because we sampled them in the same manner.
Fourth, whether the change in the incidence of the
study outcome occurred immediately after the decla-
ration of the state of emergency cannot be demon-
strated in this study because we did not analyze the
data using a regression discontinuity design or com-
pare the incidence of the study outcome per month
due to the small sample size. Finally, we could not
adjust for some critical factors in the regression
model, such as workload, mental status, hygiene prac-
tice, or infection episodes of the women during preg-
nancy and the quality of maternity care and treatment
that could be affected by the COVID-19 pandemic
because we did not collect data on these items.

Despite these limitations, this study revealed that
the incidence of threatened abortion, threatened pre-
mature labor, or preterm birth appeared to have
decreased during and after the first state of emer-
gency for COVID-19 in 2020 in Japan. Since the find-
ings are still elusive, we have been conducting a
larger-scale follow-up survey since July 2021, which
will allow us to evaluate perinatal morbidity using
detailed clinical information.
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