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A B S T R A C T

Objective: To assess the risk of recurrent preterm birth following spontaneous extreme preterm birth between 
16+0 - 27+6 weeks.
Methods: A nationwide retrospective cohort study was conducted with data from the Perinatal Registry of the 
Netherlands. We included nulliparous women with a singleton pregnancy that ended in spontaneous preterm 
birth between 16+0 and 27+6 weeks of gestation without congenital anomalies or antenatal death between 
2010–2014 and had a subsequent pregnancy in the 5 years following (2010–2019). The primary outcome of this 
study was recurrent preterm birth < 37 weeks.
Results: In total, 1011 women with linked pregnancies were included. The risk of preterm birth < 37 weeks with 
prior spontaneous birth between 16+0-19+6, 20+0-23+6, and 24+0-27+6 weeks was respectively 19.0 %, 29.5 % 
and 27.6 %. The risk of subsequent preterm birth < 24 weeks was 5.8 %, 7.2 % and 4.3 %. A short interpregnancy 
interval of 0–3 months was associated with increased odds for recurrent preterm birth < 32 weeks (OR 2.3 95 % 
CI 1.4–3.7) and preterm birth < 37 weeks (OR 1.8 95 % CI 1.2–2.6).
Conclusion: Patients with previous spontaneous preterm birth from 16 weeks GA onwards are at high risk for 
recurrent preterm birth and should be regarded as such in the consideration of preventive measures to prevent 
recurrent adverse pregnancy outcomes.

Introduction

Preterm birth (PTB) is an important cause of neonatal morbidity and 
mortality. [1,2] A great challenge in the prevention of PTB lies in the 
recognition of patients at risk. Previous spontaneous preterm birth 
(sPTB) has proven to be an important risk factor for recurrent PTB and 
plays part in the consideration of preventive interventions. [3–6]
However, knowledge is lacking on the gestational age from which the 
risk for recurrent PTB is increased. Thereby, patients at risk might not be 
recognized as such and are unjustly not considered for preventive 
measures.

Currently, there is a lack of consensus regarding the gestational age 
threshold that distinguishes miscarriage from preterm birth. The widely 
used WHO definition characterizes birth before 37 weeks of gestation as 
preterm, but does not specify a lower limit. The lower limit now varies 

between 20, 22 and 28 weeks for respectively the USA [7], Europe [8]
and China [9]. This variation can complicate the identification of a 
population at risk for recurrent PTB, for instance due to disparities in 
how these births are recorded. Yet, especially for patients with previous 
birth around 20 weeks, early recognition of risk factors can contribute to 
timely interventions to prevent recurrence.

Therefore, in this study we will assess the recurrence risk of PTB per 
gestational age group, following sPTB between 16+0 - 27+6 weeks. In 
addition, we will assess the role of interpregnancy interval in this as-
sociation. We hypothesize the risk of recurrent PTB is high following 
previous spontaneous PTB from 16 weeks onwards and expect that short 
interpregnancy intervals correlate with higher risks of recurrence.
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Material & methods

Study design and population

We conducted a nationwide cohort study with data from the national 
Perinatal Registry of the Netherlands (PERINED). This registry contains 
data on pregnancy, delivery and neonatal outcome and covers 97 % of 
all deliveries after 16 weeks of gestation in the Netherlands. [10] The 
PERINED database is obtained by linkage of three registries: the 
midwifery registry (LVR-1), obstetrics registry (LVR-2) and the neona-
tology registry (LNR). Permission for usage of the PERINED data with 
the purpose of this study was obtained on July, 13, 2021 (approval 
number 21.13).

We extracted the data of registered pregnancies that ended in birth 
following a spontaneous start of labour > 16 weeks of gestation between 
2010 and 2014 (index pregnancies). We excluded pregnancies from 
primiparous or multiparous women, multiple pregnancies, pregnancies 
with birth > 28 weeks of gestation or pregnancies with an induced start 
of labor. Subsequently, the included pregnancies were linked with a 5 
year cohort in primiparous women. This was done separately for each 
year with a subsequent 5-year cohort in the years 2010–2019. The 3 
deterministic linkage keys were date of birth of the mother, data of 
previous birth/ birth date of the child and 4-digid zip code. Linkage was 
possible if two out of three variables were available of which maternal 
birth day was one of them. After linkage of prior birth and subsequent 
birth, prior pregnancies that were complicated with antenatal diagnosed 
IUFD and/or congenital anomalies were excluded from the sPTB index 
group in the analysis.

Outcomes

Primary outcome of this study was the recurrent risk rate of PTB 
before 37 weeks of gestation. Secondary outcomes included the recur-
rent risk of PTB < 24 and PTB < 32 weeks. The recurrent risks are re-
ported for the total group as well as subdivided into prior sPTB between 
16+0-19+6, 20+0-23+6 and 24+0-27+6 weeks of gestation.

Covariates

The interpregnancy interval (IPI) is defined as the interval between 
prior birth and conception date of the subsequent pregnancy using the 
expected due date and gestational age. Gestational age was based on 
crown-rump-length (CRL) during early fetal sonography. Assisted 
reproductive technology (ART) yes/no. Birth weight is shown in grams. 
Social economic status (SES) was extracted from PERINED and was 
determined bases on the status scores as provided by the Netherlands 
Institute of Social Research. Social economic status of a neighborhood 
was defined based on income, paid jobs and education. Low SES (most 
deprived) was defined as SES at the lowest quintile.

Statistical analysis

Following the linkage between nulliparous women with previous 
sPTB and primiparous women with an ongoing pregnancy after 16 
weeks of gestation, the baseline characteristics of the first pregnancy 
were described and tested for the three spontaneous PTB groups of the 
index population; chi-square for categorical variables and anova for 
continues variables.

Logistic regression analysis was performed to assess the association 
between the gestational age at prior birth and the PTB pregnancy out-
comes of the subsequent pregnancy. PTB rates are expressed per 100 
births. Odds ratios (OR) and 95 % confidence intervals (C.I.) were 
calculated separately for the three outcome groups (PTB <24 weeks, 
PTB < 32 weeks and PTB <37 weeks) in the subsequent pregnancy, with 
prior birth between 24 + 0 – 27 + 6 weeks as the reference. Analysis was 
adjusted for maternal characteristics (age, ethnicity, low SES), neonatal 

characteristics (fetal sex) and obstetrics characteristics (interpregnancy 
interval).

A separate analysis was conducted to assess the association between 
the interpregnancy interval, gestational age at prior birth and the 
recurrent risk. The interpregnancy interval was subdivided into groups 
of 0–3, 4–6, 7–12, 13–36 and > 37 months, with 13–36 months as the 
reference.

Linkage and analysis were performed using SAS, version 9.4.

Results

Study population

Out of 981,353 registered births in 2010–2014, we identified 4728 
nulliparous women with a singleton pregnancy that ended in PTB be-
tween 16+0-27+6 weeks. From these, 2434 pregnancies were induced or 
ended with an elective cesarean section and were excluded. In total, 
2294 prior births with a spontaneous start of labour were included for 
linkage (Fig. 1).

After linkage with a cohort of 1782,991 primiparous births, 1285 of 
the included 2294 women with prior sPTB could be linked with a sub-
sequent pregnancy that ended in a birth after 16 weeks of gestation. 
Prior pregnancies complicated by an antenatal diagnoses of intra-uterine 
fetal death (IUFD) (n = 127) or fetal congenital abnormalities (n = 159) 
(together n = 274, numbers do not add up due to overlap in diagnosis) 
were excluded from the prior sPTB pregnancies after linkage. Ulti-
mately, we were able to include the perinatal outcomes of 1011 linked 
pregnancies in this study. The flow chart of inclusion and exclusion per 
year is shown in Fig. 1.

Patient characteristics of the index pregnancy are shown in Table 1
and are shown separately for women with prior sPTB between 16+0- 
19+6, 20+0-23+6 and 24+0-27+6 weeks of gestation. The number of pa-
tients in each group was respectively 342, 346 and 323. The proportion 
of women with a western ethnicity differed significantly between 
groups, with the highest proportion of women with an ethnicity other 
than a western ethnicity in the group with birth between 16+0 and 19+6. 
Despite an almost equal number of male fetuses (n = 511) and female 
fetuses (n = 500) in the overall group, the proportion of male fetuses 
being born between 16+0-19+6 weeks (35.7 %) was significantly lower 
compared to 20+0-23+6 (59,5 %) and 24+0-27+6 (56,7 %) weeks 
(p < 0.001). Maternal age, ART involvement and low SES did not differ 
significantly between the sPTB groups.

Outcomes

The recurrent rates for PTB < 24, < 32 and < 37 weeks with 95 %- 
confidence intervals are shown in Table 2. The recurrence rate of PTB 
< 37 weeks in women with prior birth between 16+0-19+6 was 19.0 % 
(95 % CI 15.0 %− 23.6 %). Women with prior birth between 20+0-23+6 

weeks had a recurrence rate of PTB < 37 weeks of 29.5 % (95 % CI 
24.7–34.6 %) and women with prior birth between 24+0-27+6 weeks 
had a recurrence rate of PTB < 37 weeks of 27.6 % (95 % CI 
22.8–32.8 %). For the three groups, odds for PTB < 24 and PTB < 32 
weeks did not differ significantly between groups (Supplementary table 
1). Fig. 2 shows the risk of recurrent preterm birth per week of gesta-
tional age groups in prior sPTB birth.

Interpregnancy interval The odds per interval groups are shown in 
Table 3. Compared to the reference group with an interpregnancy in-
terval of 13–36 months, an interval of 0–3 months was found to be 
associated with significantly increased odds for PTB < 32 weeks (OR 2.3 
95 % CI 1.4–3.7) and PTB < 37 weeks (OR 1.8 95 % CI 1.2–2.6). 
Compared to women with prior birth at a viable gestational age > 24 
weeks, women with previous pre-viable birth between 16+0-19+6, 20+0- 
23+6 weeks were more likely to have a short interpregnancy interval < 3 
months (14.2 % vs respectively 19.6 % and 28.0 %). (supplementary 
table 2).
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Discussion

The aim of this study was to assess the risk of recurrent preterm birth 
following spontaneous preterm birth between 16+0-27+6 weeks. We 
found that, at all gestational ages, patients with previous sPTB from 16 
weeks onwards are at high risk for recurrent preterm birth.

A short interpregnancy interval of 0–3 months was associated with 
an increased risk of subsequent preterm birth < 37 and < 32 weeks. 
Short intervals of 0–3 months were more frequent in patients with prior 
sPTB < 24 weeks. Since in the Netherlands, no active support is offered 
to neonates born before 24 weeks, these births are most likely to end in 

perinatal death. Therefore, parents might pursue a subsequent preg-
nancy shortly after the immature birth.

Multiple studies assessed the association between obstetric history 
and the risk for subsequent PTB and found elevated risks of PTB 
following recurrent miscarriage or prior PTB < 37 weeks. [5,11–18]
Limited research is available on the subsequent risk after birth between 
16–24 weeks and a cohort comparison is complicated by international 
differences in terminology and registration. One study by Goldenberg 
et al. (‘93) observed a PTB rate of 39 % in women who had given birth 
between 13 and 24 weeks, which increased to 62 % if the first birth was 
between 19 and 22 weeks. [12] Edlow et. al. (’07) found that women 

Fig. 1. Flowchart of inclusion and exclusion per year.

Table 1 
Baseline characteristics of the first spontaneous PTB pregnancy in three gestational age groups.

16þ0-19þ6 20þ0-23þ6 24þ0-27þ6 Total p-value

(n ¼ 342) (n ¼ 346) (n ¼ 323) (n ¼ 1011)

Maternal age (years)# 28.1 (4.9) 28.6 (4.8) 27.8 (4.7) 28.2 (4.8) 0.11
Birth weight (gram)# 192 (148) 479 (276) 889 (201) 574 (353) < 0.001
Maternal Age < 25 years 75 21.9 % 77 22.3 % 72 22.3 % 224 22.2 % 0.99
Western ethnicity 220 64.3 % 248 71.7 % 237 73.4 % 705 69.7 % 0.03
ART^ 28 8.2 % 31 9.0 % 22 6.8 % 81 8.0 % 0.58
Male sex 122 35.7 % 206 59.5 % 183 56.7 % 511 50.5 % < 0.001
Deprived area (low SES) 78 22.8 % 75 21.7 % 61 18.9 % 214 21.2 % 0.45
Gestational age days# 126 7.6 154 8.2 181 8.4 153 24 < 0.001
Gestational age weeks# 17+4 8 days 21+4 8 days 25+4 8 days 21+3 24 days < 0.001

Data shown as n (%)
# Shown as mean (SD)
^Assisted reproductive technology: IVF, ovulation induction, intra-uterine insemination & other stimulation
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with prior loss between 14 and 24 weeks were 10.8 times more likely to 
experience recurrent second-trimester loss or PTB compared to those 
with previous full-term delivery. [13] A third study from Denmark (’17) 
reported a recurrence rate of 7.3 % following birth between 16 and 28 
weeks, but this rate varied significantly depending on the characteristics 
of the previous birth (fetal anomaly, multiple gestation, or intrauterine 
fetal demise), complicating a comparison with our findings. [11].

Women with prior sPTB between 16+0-19+6 weeks had a recurrent 
risk for PTB < 32 and < 37 weeks of respectively 11.7 % and 19.0 %, 
which is high compared to respectively 1.0 % and 5.5 % in a general 
Dutch population of multiparous women with singleton and multiple 
pregnancies in 2021 (www.peristat.nl). The odds for recurrent PTB < 24 
and < 32 weeks did not differ between groups. This emphasizes that 
prior birth between 16+0-19+6 weeks deserves consideration in the risk 
assessment for subsequent PTB. Labelling spontaneous birth at this 
gestational age range as a miscarriage, may underestimate the risk for 

subsequent PTB. Ideally, the threshold that distinguishes between 
miscarriage and PTB (e.g. the lower limit of PTB), is the gestational age 
at which the recurrence risk is increased. Thereby, when referring to 
obstetric history, terminology can be used that adequately acknowl-
edges the increased risk. Therefore, spontaneous birth from 16 weeks 
onwards should be classified as sPTB instead of miscarriage or mid- 
trimester loss, to enhance the recognition, approach and preventive 
treatment of patients at risk.

The high recurrent risk after births at low gestational ages raises 
questions whether the subsequent risk may also be increased after birth 
at gestational ages below 16 weeks. Accurate national registration is 
vital to assess PTB risk following births below 16 weeks. All pregnant 
women in the Netherlands are advised to contact a midwife or general 
practitioner before 10 weeks of pregnancy, allowing for precise gesta-
tional age determination via ultrasound. Registering these pregnancy 
outcomes will help PTB risk evaluation. If an increased PTB risk is found, 
further research is needed to assess whether and which preventive 
measures improve subsequent pregnancy outcomes.

This study used data from a large perinatal registry in the 
Netherlands, covering 97 % of births. [10] The large sample size with 
data from multiple consecutive years enabled a detailed assessment on 
subsequent PTB risk by gestational age and allowed for analysis on the 
interpregnancy interval. However, due to non-mandatory registration 
for births until 24 weeks, underrepresentation is likely for prior births 
between 16–24 weeks and also for the recurrence risk in that range.

In the index pregnancy selection, we excluded induced births, 
focusing on spontaneous and unknown start of labor. Excluding preg-
nancies complicated by congenital abnormalities or IUFD in the index 
pregnancy, likely removed inaccurately registered induced deliveries as 
well. However, we cannot rule out the possibility that the index preg-
nancy cohort might still include induced births, thereby potentially 
underestimating the risk of subsequent PTB after sPTB. In our subse-
quent cohort, all pregnancies were included(e.g., we did not exclude 
pregnancies with multiples, congenital abnormalities, IUFD). Therefore, 
the risk is most likely lower for uncomplicated singletons. Still, our PTB 
rates remain notably high when compared to national PTB rates.

No data were available regarding the use of preventive measures in 
the subsequent pregnancy. In the Netherlands, patients with previous 
sPTB < 34 weeks of gestation are typically offered preventive proges-
terone treatment, serial cervical length screening and potentially receive 
other interventions to effectively reduce PTB risk such as a cervical 
cerclage [19]. [20] Therefore, it is plausible that a significant portion of 
our study population received preventive treatment in the subsequent 
pregnancy, which could underestimate the actual risk faced by patients. 
However, there may be limited awareness regarding the increased risk 
following PTB around 16 weeks, resulting in fewer or no preventive 
measures and therefore providing a representative risk estimate for this 
subgroup.

Out of 2294 women with prior sPTB, we successfully linked 1285 
nulliparous women to a subsequent pregnancy in a primiparous cohort. 
No linkage could be established in 1009 women, possibly due to insuf-
ficient matching variables. For example, if the birth record of the sub-
sequent pregnancy did not include the date of the prior birth and if ZIP 
code changed over time, there would insufficient matching variables to 
establish a linkage. Other reasons could include no subsequent preg-
nancy within the 5-year timeframe, cases where the only pregnancy 
within the 5-year timeframe resulted in a miscarriage or termination 
before 16 weeks, or misreported subsequent births as nulliparous births. 
Also, 172 patients from the index cohort were excluded due to the 
antenatal diagnosis of IUFD, which might involve cases of IUFD due to 
fetal distress from extreme preterm labor. Given its likelier occurrence 
before 24 weeks, the group of patients with prior birth between 16–24 
weeks may not be entirely represented.

We recommend that the lower limit of PTB, distinguishing miscar-
riage from PTB, should be the gestational age from which the recurrence 
risk is increased to facilitate recognition and allow for preventive 

Table 2 
Subsequent PTB risk per gestational age group with 95 % CI of the point 
estimate.

PTB < 24 weeks PTB < 32 weeks PTB < 37 weeks

GA at prior 
sPTB

% 95 % CI % 95 % CI % 95 % CI

16+0 − 19+6 

(n = 342)
5.8 % 3.6 %−

8.9 %
11.7 % 8.5 %−

15.6 %
19.0 %) 15.0 %−

23.6 %
20+0 − 23+6 

(n = 346)
7.2 % 4.7 %−

10.5 %
15.9 % 12.2 %−

20.2 %
29.5 %) 24.7 %−

34.6 %
24+0 − 27+6 

(n = 323)
4.3 % 2.4 %−

7.2 %
10.8 % 7.1 %−

14.1 %
27.6 %) 22.8 %−

32.8 %
Total 16+0 

− 27+6 

(n = 1011)

5.8 % 4.7 %−

7.5 %
12.9 % 10.9 %−

15.1 %
25.3 %) 22.7 %−

28.1 %

Fig. 2. Risk of recurrent preterm birth < 37 weeks, < 32 weeks and < 24 
weeks per week of gestational age at prior birth.

Table 3 
Risk of PTB in subsequent birth per interpregnancy interval.

Recurrent PTB PTB < 24 PTB < 32 PTB < 37

Interpregnancy 
interval

OR 95 % CI OR 95 % CI OR 95 % CI

0 − 3 months 1.5 0.76 - 
2.9

2.3 1.4 - 3.7 1.8 1.2 – 2.6

4 − 6 months 1.0 0.45 - 
2.2

1.2 0.66 - 2.1 1.3 0.83 – 
1.9

7 − 12 months 0.89 0.39 - 
2.0

1.0 0.58 - 1.9 0.89 0.57 – 
1.4

13 − 36 
months

1.0 Ref 1.0 Ref 1.0 Ref

> 36 months 0.39 0.09 - 
1.7

0.89 0.40 – 
2.0

0.54 0.28 – 
1.1
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measures. Since patients with previous spontaneous PTB from 16 weeks 
onwards are at high risk for recurrent PTB, they should be considered as 
such using the appropriate terminology. A short interpregnancy interval 
of 0–3 months was associated with significantly increased odds of sub-
sequent PTB and should be discouraged.
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