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Possible Efficacy of Vaginal Progesterone on Asymptomatic Women with a
Short Cervix after 24 Weeks of Gestation: A Historical Cohort Study in
Japan
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Abstract:
Introduction: Few studies have explored the preventive efficacy of vaginal progesterone (VD) treatment for preterm deliv-
ery (PTD) in Japanese clinical practice. In this study, the efficacy of the VD treatment in pregnant women with a short
cervix (sCX) diagnosed after 24 weeks is evaluated, focusing on perinatal outcomes.
Methods: A retrospective historical cohort study. Clinical data of 273 singleton women hospitalized for preventing PTD
were extracted. Inclusion criteria are diagnosed sCX at 24-33 weeks. We excluded women with factors including treatment
start before 24 weeks, medically induced PTD, PTD on admission day, and fetal demise. Consequently, logistic regression
analyses were conducted on data from 79 women during Period 1 (November 2015 to March 2018, using prolonged intra-
venous ritodrine hydrochloride) and 82 women during Period 2 (August 2018 to August 2022, implementing VD treat-
ment), adjusting maternal age, parity, body mass index, gestational age, cervical length, and histological chorioamnionitis.
The primary outcomes involved PTD <37 and <34 weeks and neonatal intensive care unit admission. Secondary outcomes
included the interval from the diagnosis of sCX to delivery <14 and <28 days, infant intubation, and surfactant administra-
tion. Since VD use is off-label in Japan, we obtained written informed consent prior to treatment.
Results: VD treatment (Period 2) significantly decreased the incidence of PTD (birth < 37 weeks) (adjusted odds ratios
[ORs] 0.43, 95% confidence intervals [CIs] 0.19-0.96), impending delivery within 14 and 28 days after confirming sCX
(adjusted OR 0.12, 95% CI 0.06-0.72; adjusted OR 0.25, 95% CI 0.09-0.74, respectively), and neonatal intubation rate (ad-
justed OR 0.17, 95% CI 0.04-0.75).
Conclusions: The VD treatment can prevent PTD in asymptomatic women with sCX diagnosed after 24 weeks of gesta-
tion. Although further validation is warranted, these findings may contribute to expanding the use of VD treatment in
Japanese clinical practice.
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Introduction

Even though there have been numerous efforts to understand
and mitigate its risk factors, preterm delivery (PTD) is still one
of the most challenging problems in modern obstetrics and
the primary cause of adverse outcomes in newborns (1), (2), (3). In
predicting spontaneous PTD, the measurement of cervical
length (CL) in the early second trimester (i.e., <24 weeks of
gestation) is the most powerful predictor (4), (5). Several studies
have also indicated that short CL measured after 24 weeks of
gestation is a substantial risk factor for spontaneous PTD (4), (6).

In terms of risk mitigation, the efficacy of vaginal progesterone
treatment has been repeatedly demonstrated and recommend-
ed for asymptomatic pregnant women with a short cervix be-
fore 24 weeks (7), (8), (9), (10). Additionally, several randomized con-
trolled trial (RCT) studies have demonstrated that vaginal
progesterone treatment initiated after 24 weeks of gestation
could be beneficial for PTD prevention (11), (12), (13). Nonetheless,
the progesterone treatment has not been approved at present
by the Japan Ministry of Health, Labor, and Welfare, and no
study has evaluated the preventive efficacy of the progesterone
treatment initiated after 24 weeks of gestation in Japanese
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clinical practice.
In the traditional approach to PTD prevention in Japan,

β2-adrenergic agonists, especially ritodrine hydrochloride, are
often used for a prolonged period. At Ogaki Municipal Hos-
pital, a tertiary care institution, asymptomatic pregnant wom-
en diagnosed with a short cervix were hospitalized and treated
with prolonged intravenous ritodrine hydrochloride at the dis-
cretion of the attending physician until November 2015.
However, a Cochrane review revealed that although β2-adre-
nergic agonists present efficacy in PTD reduction within 48
hours and 7 days of use, they do not have a preventive effect
on PTD (14). The concentration of β2-receptors appears to
gradually decrease with prolonged use of β2-adrenergic ago-
nists, which leads to a form of desensitization (15), supporting
only a short duration of action and use of these agents. Addi-
tionally, there are concerns regarding several severe side effects
in both newborns and mothers, including neonatal hypoglyce-
mia and hypocalcemia, maternal tachycardia, pulmonary ede-
ma, symptomatic arrhythmias, and (albeit rarely) myocardial
infarction and maternal death, which prompted the US Food
and Drug Administration to issue warnings against the use of
β2-adrenergic agonists for PTD prevention (16). However, its
administration was discontinued at our hospital due to con-
cerns about the side effects associated with the long-term use
of intravenous ritodrine hydrochloride. In August 2018, we
were compelled to change our treatment approach, and vagi-
nal progesterone treatment was initiated in all hospitalized
pregnant women with CL shortening of ≤25 mm, based on
the anticipation of potentially preventing PTD.

Thus, this study aims to evaluate the efficacy of vaginal
progesterone in prolonging the interval from the diagnosis of
a short cervix to delivery and in preventing PTD in asympto-
matic women diagnosed with a short cervix after 24 weeks of
gestation, using data from two cohort periods with varying
treatment strategies. Furthermore, we evaluated neonatal out-
comes associated with differences in periods (treatment strat-
egies change), specifically focusing on neonatal intensive care
unit (NICU) admissions, intubation, surfactant administra-
tion, intraventricular hemorrhage (IVH), and neonatal mor-
tality.

Materials and Methods

Patient enrollment and medical interventions were conducted
at Ogaki Municipal Hospital in this historical cohort study.
Subsequent analysis of outcomes was carried out at Nagoya
University. Clinical data on maternal and neonatal characteris-
tics was extracted from the hospital records. In Figure 1, dur-
ing the period from November 2015 to March 2018 (Period
1), prolonged intravenous ritodrine hydrochloride was admin-
istered to 153 singleton pregnancies deemed in need of treat-
ment for PTD prevention by the attending doctor. In April
2018, the Internal Ethical Committee approved off-label use
of vaginal progesterone tablets. Ritodrine hydrochloride was

unavailable in the hospital from August 2018 to August 2022
(Period 2). Thus, the treatment plan in Period 2 was changed;
vaginal progesterone treatment for PTD prevention (200 mg,
once daily) was formally implemented in asymptomatic wom-
en between 22 and 36 weeks of gestation and administered to
123 singleton pregnancies from the time of detection of the
short cervix (equal indicates that hospital care was initiated).
For the off-label use of vaginal progesterone tablets, all the
women provided written informed consent prior to starting
the treatment. In Period 1, on the basis of the discretion of the
attending physician, some asymptomatic women with CL be-
tween 25 and 30 mm received prophylactic treatment with ri-
todrine hydrochloride. Nevertheless, in Period 2, stricter crite-
ria were applied due to the off-label use of vaginal progester-
one, and treatment was limited to asymptomatic women with
CL < 25mm; the pregnant women with CL of 25-30 mm in
Period 2 were managed with close observation, and progester-
one treatment was initiated if their CL decreased to <25 mm.

The inclusion criteria were set as pregnant women with a
newly diagnosed short cervix between 24 and 33 weeks of ges-
tation. The women who were not included in the study were
those who were urgently transported from other medical fa-
cilities because of short cervix or other symptoms. We also ex-
cluded the women who met any of the following criteria: re-
ceived treatment before 24 weeks; had medically induced
PTD, PTD on the day of admission, placental abruption, im-
minent uterine rupture, maternal complications, intrauterine
fetal demise, and missing data; and were not of Asian descent
and Japanese nationality. Consequently, the current study was
carried out using data from 79 women in Period 1 and 82
women in Period 2, as in Figure 1.

The primary outcomes were PTD <37 weeks and <34
weeks, as well as NICU admission. The interval from the diag-
nosis of short cervix to delivery <14 days and <28 days, infant
intubation, and surfactant administration were analyzed as
secondary outcomes. Using SPSS version 28.0 for Windows
(SPSS, Inc., Chicago, IL, USA), statistical analyses were car-
ried out. Using the Mann-Whitney U test for continuous vari-
ables and Fisher’s exact test for categorical variables, each char-
acteristic and perinatal outcomes were compared between Pe-
riods 1 and 2. To evaluate possible relationships with the out-
comes, univariable and multivariable logistic regression analy-
ses were performed using various characteristics; crude and ad-
justed odds ratios (ORs) and 95% confidence intervals (CIs)
were reported as the OR (95% CI) for Period 2 (vaginal pro-
gesterone treatment), with Period 1 (intravenous ritodrine hy-
drochloride) utilized as the reference, and evaluated after ad-
justing for maternal age at delivery, parity, body mass index,
infertility treatment, gestational age, CL at the start of mater-
nal treatment, cervical cerclage, history of cervical conization,
intravenous magnesium sulfate, oral calcium channel block-
ers, and histological chorioamnionitis. Statistical significance
was set at p < 0.05.

Approval of the present study was provided by the Insti-

DOI: 10.31662/jmaj.2024-0036
JMA Journal: Volume 7, Issue 4 https://www.jmaj.jp/

583



tutional Review Board of Ogaki Municipal Hospital and Na-
goya University (approval number: 20150415), which also
waived the requirement for written informed consent because
of the retrospective nature of the study.

Results

Table 1 shows the characteristics of the pregnant women in
each period: 79 in Period 1 and 82 in Period 2. All eligible
women in both groups were of Asian descent and Japanese na-
tionality. All women in Period 1 were treated with intravenous
ritodrine hydrochloride, whereas all women in Period 2 re-
ceived the vaginal progesterone treatment. The administration
of magnesium sulfate, antenatal steroid treatment, and cesar-
ean section were carried out at the discretion of the attending
physicians; in comparison with Period 1, Period 2 showed ap-
proximately 22% less magnesium sulfate administration, 17%
less steroid treatment, and 15% less cesarean sections. Al-
though in a very limited number of cases, calcium channel
blockers have also been utilized to prevent PTD. Compared
with Period 1, women in Period 2 commenced the treatment
at an earlier gestational age, and the CL at the initiation of
treatment was significantly shorter.

Table 2 shows the perinatal outcomes in each group. The
gestational age at birth was significantly earlier in Period 1;
consequently, the PTD rate (both <37 weeks) was higher. The

interval from the diagnosis of short cervix to delivery was less
than 14 days in 26 cases (32.9%) in Period 1 and seven cases
(8.5%) in Period 2. The interval from the diagnosis of short
cervix to delivery was less than 28 days in 30 cases (38.0%) in
Period 1 and 11 cases (13.4%) in Period 2. In terms of PTD
<34 weeks, there were 26 (32.9%) in Period 1 and 13 (15.9%)
in Period 2. Expectedly, neonatal birth weight was lower in Pe-
riod 1. In Period 2, a significant decrease in the proportion of
infants requiring intubation was observed. Moreover, al-
though not statistically significant, we observed a trend to-
ward a reduction in cases that require NICU admission and
surfactant administration. In this study group, there were few
cases of neonatal death or neonatal IVH.

Subsequently, we performed univariable and multivariable
logistic regression analyses and identified several independent
factors associated with each outcome (Table 3 and Supple-
mental Table 1). During Period 2, in which vaginal progester-
one treatment was administered to all patients, a significant
decrease was found in cases that lead to PTD (birth < 37
weeks) (adjusted OR 0.43, 95% CI 0.19-0.96) and PTD <14
days or 28 days following confirmation of short cervix (adjust-
ed OR 0.21, 95% CI 0.06-0.72; adjusted OR 0.25, 95% CI
0.09-0.74, respectively). We conducted a post hoc power anal-
ysis for PTD (birth < 37 weeks) as the primary outcome,
which yields a favorable result of 0.873, implying that the re-
sults of this study are statistically reliable and significant. We

Figure 1. Flow diagram of study design. GA, gestational age; PTD, preterm delivery.
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also observed that implementing progesterone treatment (Pe-
riod 2) instead of ritodrine hydrochloride therapy (Period 1)
was an independent factor in reducing the proportion of in-
fants that require intubation (adjusted OR 0.17, 95% CI
0.04-0.75).

The reduction in the PTD rate among women treated
with vaginal progesterone can be examined in a subgroup
analysis: At 24-29 weeks of gestation, the risk for PTD ranged
from 50.0% (Period 1) to 27.5% (Period 2); at 30-32 weeks of
gestation, the risk ranged from 53.1% to 32.3% (Figure 2A).
Women who received progesterone treatment between 24 and
29 weeks show a trend toward a lower PTD rate than those
who did not undergo the treatment (p = 0.055). Figure 2B
presents scatterplots that depict the relationship between the
number of days of pregnancy extension and the gestational
age at which maternal treatment was initiated. The blue circles
and lines represent the values for each patient and the best-fit
line in Period 1, respectively, whereas the red circles and lines
indicate those in Period 2. To compare the correlation coeffi-
cients between the two groups, we used Fisher’s z transforma-

tion. Although the result was not statistically significant, a
trend was observed (p = 0.099). Overall, women treated with
progesterone (Period 2) were observed to have a tendency to
achieve a longer interval from the diagnosis of short cervix to
delivery.

Discussion

The current study first indicated that in a cohort of Japanese
pregnant women with a short cervix, vaginal progesterone
treatment significantly reduces PTD (birth < 37 weeks of ges-
tation) and the PTD occurring within 14 or 28 days after con-
firming the short cervix, which confirms previous stud-
ies (11), (12), (13). We could not determine the effect of reducing the
rate of NICU admission; nonetheless, our findings present a
significant decrease in neonatal intubation. These findings
suggest that in a Japanese clinical practice, vaginal progester-
one treatment may be beneficial for asymptomatic singleton
women with a short cervix newly diagnosed after 24 weeks of
gestation.

Table 1. Characteristics of the Study Groups.

Period 1 Period 2

pNovember 2015-March 2018 August 2018-August 2022

(n = 79) (n = 82)

Treatment for preventing and preparing preterm delivery 　 　 　
　Ritodrine hydrochloride 　 　 　
　　Intravenous 79 (100.0) 0 (0.0) <0.001

　　Oral 9 (11.4) 0 (0.0) 0.001

　Vaginal progesterone 0 (0.0) 82 (100.0) <0.001

　Intravenous magnesium sulphate 31 (39.2) 14 (17.1) 0.003

　Oral calcium channel blockers 2 (2.5) 4 (4.9) 0.682

　Antenatal steroid treatment 28 (35.4) 15 (18.3) 0.020

Maternal and delivery characteristics 　 　 　
　Maternal age (years) 32.0 (29.0-35.0) 32.5 (29.0-36.0) 0.723

　Multiparity 46 (58.2) 45 (54.9) 0.751

　Race (nationality): Asian (Japanese) 79 (100.0) 82 (100.0) NA

　Body mass index 20.3 (18.4-22.0) 20.2 (19.2-22.4) 0.431

　Infertility treatment 9 (11.4) 20 (24.4) 0.040

　GA at maternal treatment start (weeks) 30.9 (28.8-31.7) 28.9 (26.8-30.7) <0.001

　CL at maternal treatment start (mm) 22.0 (12.5-31.0) 16.0 (11.3-19.0) 0.001

　Previous preterm delivery 12 (15.2) 14 (17.1) 0.832

　Cervical cerclage 5 (6.3) 2 (2.4) 0.271

　History of cervical conization 3 (3.8) 2 (2.4) 0.678

　Cesarean section 36 (45.6) 25 (30.5) 0.053

　Histological chorioamnionitis 25 (31.6) 19 (23.2) 0.289

Data are presented as medians (interquartile ranges) or n (%). GA: gestational age, CL: cervical length, NA: not applicable.
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There is a growing momentum in Japan to enhance the
usage of β2-adrenergic agonists; thus, ritodrine hydrochloride,
both orally and by injection, was not available during Period 2
of this study. Accordingly, we were able to conduct this histor-

ical cohort study. The most important advantage of this his-
torical cohort design, in comparison with case-control design,
is the mitigation of various types of bias risks. In particular,
the strength of this study lies in the potential reduction of se-

Table 2. Comparison of Perinatal Outcomes between the Study Groups.

Period 1 Period 2

pNovember 2015-March 2018 August 2018-August 2022

(n = 79) (n = 82)

GA at birth (weeks) 36.6 (32.3-37.6) 38.2 (36.2-39.1) <0.001

Preterm delivery (<37 weeks) 43 (54.4) 24 (29.3) 0.001

Preterm delivery (<34 weeks) 26 (32.9) 13 (15.9) 0.016

Interval from the diagnosis of short cervix to delivery <14 days 26 (32.9) 7 (8.5) <0.001

Interval from the diagnosis of short cervix to delivery <28 days 30 (38.0) 11 (13.4) 0.001

Birth weight (kg) 2.43 (1.83-2.96) 2.85 (2.41-3.18) 0.002

Male 43 (54.4) 44 (53.7) 1.000

1 min Apgar score 8.0 (7.0-8.0) 8.0 (8.0-8.0) 0.480

5 min Apgar score 9.0 (8.0-9.0) 9.0 (8.3-9.0) 0.184

Umbilical artery pH <7.10 0 (0.0) 1 (1.2) 1.000

Umbilical artery BE <−10.0 0 (0.0) 3 (3.7) 0.246

NICU admission 39 (49.4) 32 (39.0) 0.207

Neonatal 　 　 　
　Intubation 14 (17.7) 5 (6.1) 0.028

　Surfactant administration 11 (13.9) 4 (4.9) 0.060

　Intraventricular hemorrhage 1 (1.3) 0 (0.0) 0.491

　Death 0 (0.0) 1 (1.2) 1.000

Data are presented as medians (interquartile ranges) or n (%).
GA: gestational age, CL: cervical length, NA: not applicable, NICU: neonatal intensive care unit.

Table 3. Logistic Regression Analysis; Association between Periods 1 and 2 and Primary/Secondary Outcomes.

　 Crude OR (CI) Adjusted OR (CI)

Primary outcomes 　
　Preterm delivery (GA at birth <37 weeks) 0.35 (0.18-0.66) 0.43 (0.19-0.96)

　Preterm delivery (GA at birth <34 weeks) 0.38 (0.18-0.82) 0.39 (0.13-1.21)

　NICU admission 0.66 (0.35-1.23) 0.95 (0.42-2.15)

Secondary outcomes 　 　
　Extension of pregnancy <14 days 0.19 (0.08-0.47) 0.21 (0.06-0.72)

　Extension of pregnancy <28 days 0.25 (0.12-0.55) 0.25 (0.09-0.74)

　Neonatal Intubation 0.30 (0.10-0.88) 0.17 (0.04-0.75)

　Neonatal surfactant administration 0.32 (0.10-1.04) 0.19 (0.03-1.14)

Each result is reported as the OR (95% CI) for Period 2, with Period 1 employed as the reference. Adjusted OR and 95% CI were evaluated after adjusting for maternal age
(≥35 years) at delivery, multiparity, body mass index >25.0, infertility treatment, gestational age at maternal treatment start (intravenous ritodrine hydrochloride in Period
1 and vaginal progesterone treatment in Period 2), CL at the start of maternal treatment, cervical cerclage, history of cervical conization, intravenous magnesium sulfate,
oral calcium channel blockers, and histological chorioamnionitis. GA, gestational age; OR, odds ratio; CI, confidence interval, CL, cervical length, NICU: neonatal
intensive care unit.
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lection bias. The patients were not selected based on their risk
and condition, and there was no room for the discretion of the
attending physician; instead, the selection was based solely on
the designated timeframe (Period 1 or 2). Furthermore, by col-
lecting data from a single center, we were able to avoid the bias
that comes from using a much different strategy for PTD pre-
vention.

In 2022, the findings of an RCT, the TROPICAL study
were reported (17). This is the only report from Japan that eval-
uated the efficacy of vaginal progesterone, and the results re-
vealed that vaginal progesterone treatment significantly re-
duced the risk of PTD in singleton women with a mild short
cervix (i.e., CL 25-30 mm) between 16 and 23 weeks of gesta-
tion. With persuasive evidence regarding the reduction in
PTD risk in women with CL shortening before 24 weeks, the
results of the TOPICAL study suggest the potential expan-
sion of the indication for progesterone therapy in Japanese
clinical practice. Nevertheless, the identification of short cer-
vix after the late second trimester (i.e., ≥24 weeks of gesta-
tion) is highly relevant since most PTD occurs during this pe-
riod (18). This raises the concern that the indication for vaginal
progesterone should be expanded to women with a short cer-
vix newly diagnosed after 24 weeks of gestation. Our findings
are the first to address this point and suggest the benefit of ex-
panding the indication of vaginal progesterone to Japanese
women with a short cervix occurring during 24-33 weeks of
pregnancy, especially at 24-29 weeks of gestation. Our study is
valuable because numerous pregnant women at risk of PTD
fall into the situation addressed in this study.

The retrospective nature of this study raises the possibility
of several biases. This study lacked an established hospital pro-
tocol for detailed clinical management of PTD prevention.

During both Periods 1 and 2, it was standard to measure CL
once in the mid-trimester (e.g., 18-24 weeks). However, other
aspects, such as the timing and frequency of additional CL
measurements, criteria for diagnosing cervical incompetence,
decisions on performing cerclage, adjustments in ritodrine in-
fusion rates, criteria for administering steroids, and the use of
additional tocolytics, were left to the discretion of the attend-
ing physician. This is a significant limitation of our study. Al-
though the historical cohort study reduces the selection bias,
due to the lack of randomization, the possibility of bias in pa-
tient background would still exist. Attention must be given to
non-negligible differences among the present eligible women,
including the rate of chorioamnionitis (CAM), cervical cerc-
lage, and history of PTD. Therefore, in interpreting the
present results, some caution should be exercised. Additional-
ly, this study was carried out at a single center, which may lim-
it the generalizability of the findings to a broader population.
The findings should vary in different clinical settings and pop-
ulations and require validation through prospective controlled
trials with a large sample size. The final outcomes concerning
the effectiveness of PTD prevention should include not only
prolongation of the pregnancy but also perinatal morbidities
such as long-term neurodevelopmental outcomes. The latter
was not addressed in the current study and must be evaluated
in the future.

In conclusion, this historical cohort study first suggests a
possible beneficial efficacy of vaginal progesterone treatment;
vaginal progesterone treatment may significantly reduce PTD
and have the effect of prolonging gestational duration among
Japanese pregnant women with a short cervix occurring be-
tween 24 and 33 weeks of gestation, which results in a reduc-
tion of infants requiring intubation. Although further valida-

Figure 2. A) Comparison of preterm delivery rates in each period; 24-29 weeks or 30-32 weeks of gestation. The blue bar repre-
sents Period 1, and the red bar indicates Period 2. B) Scatterplots depicting the relationship between the number of days of preg-
nancy extension and the gestational age at which maternal treatment was initiated. The blue circles and line represent the values
for each patient and best-fit line in Period 1, whereas the red circles and line indicate those in Period 2. A trend was observed in
the correlation coefficients between the two groups, but it was not statistically significant (Fisher’s z transformation; p = 0.099).
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tion through prospective controlled trials is warranted, these
findings may contribute to expanding the use of vaginal pro-
gesterone treatment in Japanese clinical settings to enhance
perinatal prognosis.
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