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Background Information about the recurrence of spontaneous

preterm birth in subsequent twin/singleton pregnancies is
scattered.
Objectives To quantify the risk of recurrence of spontaneous

preterm birth in different subtypes of subsequent pregnancies.
Search strategy An electronic literature search in OVID

MEDLINE and EMBASE, complemented by PubMed, to find
recent studies.
Selection criteria Studies comparing the risk of spontaneous

preterm birth after a previous preterm and previous term
pregnancy.
Data collection and analysis The absolute risk of recurrence with
a 95% confidence interval and the absolute risk of preterm birth
after a term delivery were calculated. Data from studies were
pooled using the Mantel–Haenszel method.
Main results We detected 13 relevant studies. The risk of

recurrence of preterm birth was significantly increased in all
preterm pregnancy subtypes, compared with their term

counterparts. Women pregnant with twins after a previous preterm
singleton had the highest absolute risk of recurrence (57.0%,
95% CI 51.9–61.9%), and after a previous term singleton their
absolute risk was 25% (95% CI 24.3–26.5%). Women pregnant
with a singleton after a previous preterm twin pregnancy have an
absolute recurrence risk of 10% (95% CI 8.2–12.3%), whereas a
singleton pregnancy after delivering a previous twin up to term
yields a low absolute risk of only 1.3% (95% CI 0.8–2.2). Women
pregnant with a singleton after a previous preterm singleton have
an absolute recurrence risk of 20% (95% CI 19.9–20.6).
Author’s conclusions The risk of recurrence of preterm birth is

influenced by the singleton/twin order in both pregnancies, and
varies between 10% for a singleton after previous preterm twins to
57% for twins after a previous preterm singleton.
Keywords Recurrence, singleton, spontaneous preterm birth,

twin.
Linked article: This article is commented on by Varner M, p.
1209 in this issue. To view this mini commentary visit
http://dx.doi.org/10.1111/1471-0528.12898.
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Introduction
Preterm birth is one of the most widespread problems in
obstetrics. In 2010, an estimated 14.9 million babies were
born preterm, which was 11% of all live births worldwide.1
Preterm birth and its complications are responsible for
most neonatal deaths in otherwise healthy infants, and can
lead to lifelong complications such as cerebral palsy, visual
disorders and chronic diseases in adulthood.2,3
*For a list of collaborators, see the Acknowledgements.
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Recurrent spontaneous preterm birth is defined as more
than one preterm birth related to the spontaneous onset of
labour with intact membranes or preterm rupture of membranes.4 Information about the risk of recurrence of preterm birth is important for women considering a
subsequent pregnancy. In addition, obstetricians need these
data to counsel women and to assess and apply preventive
strategies.
Women with a twin pregnancy are known to be at
increased risk of preterm birth, as around 40% will deliver
spontaneously before 37 weeks of gestation.3 Although
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systematic reviews have been published on the biological
background and treatment of recurrent preterm birth,4,5 a
clear overview of the magnitude of the risk of recurrent
spontaneous preterm birth has so far not been available.
We therefore decided to perform a systematic review of the
risk of recurrence of spontaneous preterm birth in different
subsequent pregnancy subtypes: women with a singleton
pregnancy after a preterm singleton birth; women with a
twin pregnancy after a preterm singleton birth; and women
with a singleton pregnancy after a preterm twin birth. We
also collected data on the course of pregnancy after a previous term delivery of singletons and twins.

Methods
Literature search
A medical librarian (JL) performed a comprehensive literature search of the electronic databases MEDLINE (OVID,
from 1948) and EMBASE (OVID, from 1980) to identify
publications on the risk of recurrence of preterm birth in
singleton and multiple pregnancies. In addition, PubMed
was searched for publications ahead of print not yet
included in OVID MEDLINE using only text words and
the command ‘publisher[sb]’. The latest search update was
8 January 2013. An initial pilot search in PubMed established that some relevant papers were missed if we searched
for all concepts simultaneously. We therefore constructed a
rather complex search as follows. The basis was (A) a
broad search for preterm birth combined with (B) a methodological filter (for clinical trials, observational and epidemiological studies, registries, medical history, etc.), using a
strategy incorporating subject headings [e.g. Medical Subject Headings (MeSH) terms in MEDLINE] and text words
in the title and the abstract. (A) plus (B) were successively
combined with (C), a text word search for risk of recurrence of preterm birth, OR (D), a text word search for prediction/risk of preterm birth (without recurrence), OR (E)
a broad search (using both subject heading and text words)
for singletons or multiple pregnancies combined with a
search for recurrence or prediction/risks. (E) had little
added value over (C) and (D). Thus, the final search had
the structure (A and B) and (C or D or E; for the entire
MEDLINE search, see Appendix S1). A similar search was
constructed for EMBASE. No language restrictions were
applied. We excluded animal studies by using double negation (i.e. in MEDLINE ‘not animals/not humans/’). The
search included an iterative process to refine the search
strategy through adding search terms as new relevant citations were identified (i.e. by checking the reference lists of
relevant papers). The bibliographic records retrieved were
downloaded and imported into REFERENCE MANAGER 12.0
(Thomson Reuters, Carlsbad, CA, USA) to remove duplicates, and to store and analyse the search results.
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Criteria for inclusion
Study design
We considered all cohort studies concerning the recurrence
of spontaneous preterm birth for inclusion. Study size was
not used as a limiting criterion for inclusion.
Study population
To be included, studies were required to include women
with at least one spontaneous preterm birth at <37 weeks
of gestation in their history or women with at least one
term birth in their history. No limitations in relation to
age, race, parity, the number of fetuses per pregnancy, or
other baseline characteristics were set. Study populations
consisting of only women with iatrogenic preterm birth or
studies mixing both populations were excluded. Also, study
populations consisting of other groups at high risk of preterm birth such as women with uterine anomalies and
those who had had a previous abortion or cervical surgery
without a previous preterm birth were excluded.
Outcome measures
Any of the following outcome measures were accepted for
inclusion.
1 Risk of spontaneous preterm singleton delivery before
37 weeks of gestation after a preterm or term singleton
delivery.
2 Risk of spontaneous preterm singleton delivery before
37 weeks of gestation after a preterm or term twin delivery.
3 Risk of spontaneous preterm twin delivery before
37 weeks of gestation after a preterm or term singleton
delivery.

Data extraction and quality assessment
Two authors (BK and PB) independently screened the titles
and abstracts of identified studies. Relevant articles were
selected and full texts were studied. Studies were selected
by inclusion criteria and data extraction. Disagreements
were resolved by consensus. Studies with data on the recurrence risk of preterm birth in a subsequent delivery were
selected for further reading.
Data extraction was completed by BK and PB using a
data extraction form. We did not contact authors for additional data. We determined the strength of the evidence
using the Grading of Recommendations, Assessment,
Development and Evaluation (GRADE) system.6

Data analysis
The primary outcome was a recurrence of spontaneous
preterm birth in a singleton birth after a previous singleton
birth, in a twin birth after a previous singleton birth, or in
a singleton birth after a previous twin birth before
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37 weeks of gestation. A secondary outcome was the recurrence of preterm birth below other gestational age cut-offs.
For each study, we constructed a table with the numbers of
preterm and term births in the index pregnancy and the
numbers of preterm and term births in subsequent pregnancies. For each study, we calculated the absolute risk of
recurrence with a 95% confidence interval (95% CI) for
the proportion of preterm births and the absolute risk of
preterm birth after a term delivery, with a 95% CI.
Subsequently, data from the studies were pooled using
the Mantel–Haenszel method. We converted odds ratios
(ORs) or risk ratios (RRs) using the generic inverse variance method when no absolute numbers were available.7
We chose to use a random-effects model because of the
heterogeneity between the included studies. All analyses
were performed with REVIEW MANAGER 5.1 (REVMAN; The
Nordic Cochrane Centre, www.cochrane.dk; The Cochrane
Collaboration, 2011).

Results

Identification

The results of the search are shown in Figure 1. Our search
identified 9104 publications (Appendix S1). Among these

Records identified in
MEDLINE
(n = 4,964)

were 2547 duplicates. We screened abstracts of the 6557
unique titles; 6519 of these were excluded because they did
not match the inclusion criteria, whereas 39 articles were
potentially relevant and therefore full texts of these articles
were screened. Checking of cross-references did not reveal
further studies. We excluded 26 further articles mainly
because of the inability to extract absolute numbers, the
lack of a control term group, or because they used (partly)
the same population (see Appendix S2). When two articles
described (partly) the same population, the largest most
relevant publication was included in our systematic review.
Thirteen articles were relevant and included in this
review: six studies on the risk of singleton–singleton subsequent births; four on twin–singleton subsequent births; and
three on singleton–twin subsequent births.

First singleton, second singleton
After applying the inclusion and exclusion criteria, six studies remained that described the risk of a spontaneous preterm singleton birth after a previous singleton pregnancy.8–13
Table 1 shows the characteristics of the included studies.
The sample size of the included studies ranged from 1257
women (Mercer et al.12) to 452 680 women (Lykke

Records identified in
EMBASE
(n = 4,017)

Records identified in
PubMed (Publisher[SB])
(n = 123)

Eligibility

Screening

Records after duplicates removed
(n = 6,557)

Records screened
(n = 6,557)

Records excluded
(n = 6,519)

Full-text articles assessed
for eligibility
(n = 39)

Full-text articles excluded
(n =26)

Included

Studies included in
qualitative synthesis
(n = 13)

Studies included in
quantitative synthesis
(meta-analysis)
(n = 13)

Figure 1. Prisma flow diagram of included studies.
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et al.11). We found that 22.1% [8056/(28 373 + 8056)] of
all singleton preterm births in the second pregnancy were
in women with a previous preterm singleton birth. The
absolute risk of recurrence of a delivery before 37 weeks of
gestation ranged from 15.8% in Lykke et al.11 to 30.2% in
Laughon et al.13 (Figure 2). The pooled estimate of the
absolute recurrence risk was 20.2% (95% CI 19.9–20.6%).
The risk of a preterm singleton delivery before 37 weeks of
gestation after a term singleton pregnancy ranged from
2.7% in Lykke et al.11 to 7.6% in Mercer et al.12 (pooled
estimate 4.0%, 95% CI 3.9–4.0%; Figure 2).
Women with a previous singleton birth at <37 weeks of
gestation were at a statistically significant increased risk for
recurrent preterm birth compared with women with a
previous term birth (pooled OR 5.43, 95% CI 4.03–7.31;
Figure S1). Although three studies also did a subgroup
analysis in groups delivering at other gestational ages, they
all used different cut-off points. As a consequence, their
results could not be pooled. They all individually showed
an increasing risk of preterm birth with decreasing gestational age at first delivery.

First twin, second singleton
Four studies were identified that described the risk of a
spontaneous preterm singleton birth after a previous twin
pregnancy (Table 2).14–17 We found that 84.4% [81/
(81 + 15)] of all singleton preterm births in the second
pregnancy were in women with a previous preterm twin
birth. Both Rafael et al.16 and Facco et al.14 also included
women with a term birth before the twin pregnancy. In
contrast to the other studies, the study of Menard et al.15
included mostly black women.

The risk of recurrent preterm birth ranged from 7.3%
(Schaaf et al.17) to 19.8% (Menard et al.15; pooled estimate
10.0%, 95% CI 8.2–12.3%; Figure 3). The risk of a preterm
singleton birth after a term twin birth ranged from 0.8%
(Schaaf et al.17) to 6.9% (Menard et al.15; pooled estimate
1.3%, 95% CI 0.8–2.2%; Figure 3). Delivery of a preterm
twin at <37 weeks of gestation was associated with a significantly increased risk of a spontaneous preterm birth in a
subsequent singleton pregnancy, compared with the delivery of a previous term twin (pooled OR 6.7, 95% CI 2.3–
19.1; Figure S2).
Three studies also described the risk of a subsequent preterm birth in a subgroup of twins delivered between 34
and 37 weeks of gestation.15–17 They did not describe the
absolute numbers of term and preterm births, so the absolute risk of recurrence could not be calculated; however, we
were able to pool the risk ratios and odds ratios described
in the individual studies. Delivery of a preterm twin
between 34+0 and 36+6 weeks of gestation is associated with
a significantly increased risk of a spontaneous preterm
birth in a subsequent singleton pregnancy, compared with
women who had delivered a previous twin at term (pooled
OR 2.6, 95% CI 1.2–5.7; Figure S2).
Two studies also described the risk of a subsequent preterm birth for subgroups of a previous twin delivery between
30 and 34 weeks of gestation and below 30 weeks of gestation.15,17 Rafael et al.16 also subdivided data at lower gestational ages, but because they used different cut-off points
their results could not be used in these pooled estimates.
Delivery of a preterm twin between 30+0 and 33+6 weeks of
gestation was associated with a significantly increased risk of
spontaneous preterm birth in a subsequent singleton

Figure 2. Absolute risk of singleton preterm birth after a previous term or preterm singleton birth.
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Figure 3. Absolute risk of singleton preterm birth after a previous term or preterm twin birth.

pregnancy (pooled OR 6.7, 95% CI 2.3–19.1; Figure S2).
Delivery of a preterm twin at <30 weeks of gestation was
associated with a significantly increased risk of spontaneous
preterm birth in a subsequent singleton pregnancy (pooled
OR 10.9, 95% CI 3.8–31.0; Figure S2).

First singleton, second twin
We identified three eligible studies that estimated the risk
of a spontaneous preterm twin after a singleton pregnancy
(Table 3).18–20 We found that 11.9% of preterm twins in
the second pregnancy were in women with a previous preterm singleton.
The absolute risk of recurrence of spontaneous birth
before 37 weeks of gestation varies within the studies from
47.5 to 73.9% (pooled estimate 57.0%, 95% CI 51.9–61.9%;
Figure 4). The risk of a preterm twin after a term singleton
pregnancy was 20.4% (Schaaf et al.20), 31.2% (Ananth
et al.18), and 44.4% (Facco et al.19; pooled estimate 25.4%,
95% CI 24.3–26.5; Figure 4). A previous preterm singleton
birth is associated with a significantly increased risk of a
spontaneous preterm twin birth in a subsequent pregnancy,
compared with a term singleton birth (pooled OR 3.8,
95% CI 1.4–10.7; Figure S3).
Although two studies (Ananth et al.18 and Schaaf
et al.20) performed subgroup analysis based on gestational
age, they could not be pooled because of the different gestational age cut-offs used. Both studies found an increasing
risk of preterm birth with a decreasing gestational age in
the previous pregnancy.

describe exclusion criteria.8,9 Also, some important baseline
characteristics were not reported in studies, such as the
race,10,11 or parity,10,15 of the women.
The lower limit for the definition of preterm birth differed
between the included studies. Although most studies used
20 weeks of gestation as a lower limit,9,11–14,18,19 18 weeks of
gestation,16 22 weeks of gestation,17,20 or a weight cut-off
were also used as lower limits.15 Two studies did not mention a lower limit for preterm birth.8,10 None of the studies
including twins provided information about chorionicity.

Consistency
Inconsistencies were found in the comparison between singleton–singleton and singleton–twin, with I2 values of 99%
(P < 0.001) and 94% (P < 0.001), respectively. These
inconsistencies may be based on differences in baseline
characteristics or the exclusion criteria of individual studies, but because of the lack of reporting in some studies
this could not be proven. As a consequence, evidence was
downgraded in these comparisons.
Directness
Most studies used women’s first and second pregnancies to
estimate the risks; however, some studies also included
women with a previous term birth before the index pregnancy,12,14,16,19 or any previous birth.13 As a consequence,
evidence was downgraded in these comparisons.

Quality of evidence

Precision
No important imprecision could be detected. Most studies
were quite large, with narrow confidence intervals.

Study limitations
A majority of studies did not report on the completeness
of data or loss to follow-up,8,10–12,15,17,18,20 or did not even

Publication bias
Publication bias cannot be completely ruled out, although
both small and large studies were identified and included.
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Figure 4. Absolute risk of twin preterm birth after a previous term or preterm singleton birth.

GRADE system
The quality of evidence according to the GRADE system is
summarised in Tables S1–S3. As a consequence of downgrading for inconsistency and directness and upgrading for
dose–response gradient, the overall quality of evidence for
the singleton–singleton recurrence risk was judged to be
very low (Table S1).
The overall quality for the twin–singleton recurrence risk
and the subgroup 34+0–36+6 weeks of gestation was judged
to be low because of downgrading for directness and
upgrading for dose–response gradient. The quality for the
subgroups 30+0–33+6 weeks of gestation and <30 weeks of
gestation was judged to be moderate because of upgrading
for the dose–response gradient (Table S2).
The singleton–twin comparison had some inconsistencies
and problems with directness, leading to a very low overall
level of quality (Table S3).

Discussion
Main findings
This systematic review provides an overview of the risk of
recurrence of spontaneous preterm birth in different types
of subsequent pregnancies. Recurrent preterm birth makes
a substantial contribution to the total preterm birth count,
with 22.1% of preterm singleton births occurring in women
with a previous preterm singleton birth, with 84.4% of preterm singleton births occurring in women with a previous
preterm twin birth, and with 11.9% of preterm twin births
occurring in women with a previous preterm singleton
birth. The risk of recurrence of spontaneous preterm birth
is significantly increased in all pregnancy subtypes compared with their term counterparts. The strength of this
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evidence is low to moderate for the twin–singleton comparison and very low for the singleton–singleton and singleton–twin comparisons. Women pregnant with a twin
after a previous preterm singleton birth have the highest
absolute risk of recurrence (57.0%), but even after a previous term singleton birth the absolute risk of preterm birth
is still high (25.4%). Women pregnant with a singleton
after a previous preterm twin birth have the lowest risk of
recurrence (10.0%), and a pregnancy after a previous term
twin birth yields the lowest absolute risk of preterm birth,
at only 1.3%. Women pregnant with a singleton after a
previous preterm singleton birth have an absolute risk of
recurrence of 20.3%.

Strengths and limitations
The strength of this systematic review is the relatively large
sample sizes of the pooled estimates. The overall quality of
the included studies was quite good; however, they were
observational studies and as such are prone to several
forms of bias. Limitations of the study design were taken
into account in the assessment of the overall quality of the
evidence.
Misclassification of preterm birth is an issue in all of the
studies included in this review. If mentioned in the original
publication, gestational age estimate was based on last
menstrual period or on best clinical estimates. Ultrasound
was only used in more recent years of the cohorts. Estimates of last menstrual period are known to be rather
imprecise and could have led to the misclassification of
preterm birth.21 This could have led to women being classified as having had a previous preterm birth when it actually was a term birth, and to women being classified as
having had a term birth when it was actually a preterm
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birth.22,23 The direction of this misclassification could be
either way.
In addition, the lower limit for the definition of preterm
birth differed between the included studies or was not even
reported, making comparison difficult. Also, in the studies
that reported on twins, no information about chorionicity
was available. Finally, preterm stillbirths were excluded in
almost all studies. Misclassification between stillbirth and
live birth in very preterm babies is possible, which could
also have influenced our results.
Although we were able to identify a lot of studies, various studies used different cut-offs for subgroup analyses
at lower gestational ages. As a consequence these data
could not be pooled, and not all of the existing evidence
could be summarised in this review. Besides, some studies
grouped spontaneous with indicated preterm birth, which
meant that they were excluded from this review. Some
studies on the subject were only published as conference
abstracts, so more evidence is expected to be published in
the future.
This systematic review was only limited to the risk of
recurrence of spontaneous preterm birth because we
think that the indications for iatrogenic preterm birth
and the possible interchange between hypertensive disorders and growth restriction are very important for the
specific risk of recurrence and also for counselling parents. This information is already available,24,25 and is
therefore outside the scope of this particular review. This
decision could be doubted because there is evidence that
women with a previous iatrogenic preterm birth are also
at increased risk of a subsequent spontaneous preterm
delivery.8,17,20,26 In addition, most guidelines advise the
induction of twins before 37 weeks of gestation, depending on the chorionicity of the twins. Women with an
iatrogenic preterm birth might have delivered prematurely
on their own for other reasons if there was no intervention. Excluding these women might have led to selection
bias.
It is important to realise that the estimates in this review
are only crude measures. Confounding factors may be
responsible for some of the observed results. We were
unable to correct for the confounding factors in each individual study. Furthermore, this review focused on only two
successive pregnancies. The risk of recurrence might be different in women with more than one previous preterm
birth.
Finally, information about possible treatments for the
prevention of recurrent preterm birth was not available in
the selected studies. It is possible that women with a previous preterm birth received treatment to prevent recurrence,
such as progesterone, pessary, or cerclage. Treatment could
have led to an underestimation of the absolute risk of
recurrence.
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Interpretation
We now know that the risk of preterm birth is dependent
not only on the gestational age of the previous pregnancy
but also on the type of the previous and current pregnancy (twin or singleton). We can provide doctors and
patients with more specific risks of recurrence based on
specific obstetric history and the type of the current pregnancy.
We realise, however, that obstetric history in itself is not
totally predictive of recurrent spontaneous preterm birth,
but it is one of the factors available to counsel women
before they start their second pregnancy. Once women are
pregnant, we can further define their personal risk profile
by adding cervical length measurement or certain biomarkers.27

Conclusion
Although our review provides an overview, more detailed
information is necessary for a better prediction of risk for
individuals and for a better allocation of resources. We
were unable to stratify on maternal race, for example,
although differences in preterm birth rates between races
have been shown before.1,28 We therefore think that subdivision at the level of maternal race will be valuable. Similarly, stratification for the start of delivery (spontaneous
labour versus premature rupture of membranes) and subdivisions for different weeks of gestation could be helpful, as
decreasing gestational age is associated with increasing
mortality, morbidity, and increased neonatal care and
costs.1
In order to obtain these more individualised risk scores,
other studies should be carried out. We did not attempt to
obtain the original data from each study, although
meta-analysis with individual patient data would be more
accurate and would allow the creation of prediction models. We think that a global collaborative approach could be
the solution to obtaining a more detailed risk scale, stratified for race, gender, and gestational age of delivery, in first
and second pregnancies.
Our results underline the impact of recurrent preterm
birth on the total preterm birth count, and indicate
which women are most and which are least at risk of
preterm birth, based on their obstetric history. It is clear
that the risks of recurrence differ between different pregnancy subtypes. These risk estimations can be used to
adjust the care for each specific risk group, evaluate
innovative strategies for the prevention of recurrence or
inform women about their risks in a subsequent pregnancy.
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