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Abstract 
Objective: To determine the risk of recurrent spontaneous preterm birth following spontaneous 

preterm birth in singleton pregnancies. 

Design: Systematic review and meta-analysis using random effects models. 

Data Sources: An electronic literature search was conducted in OVID Medline (1948-2016), 

Embase (1980-2016), and ClinicalTrials.gov (completed studies effective 2016), supplemented 

by hand-searching bibliographies of included studies, to find all studies with original data 

concerning recurrent spontaneous preterm birth. 

Study Eligibility Criteria: Studies had to include women with at least one spontaneous preterm 

singleton live birth (<37 weeks) and at least one subsequent pregnancy resulting in a singleton 

live birth. The Newcastle-Ottawa Scale and Jadad Scale were used to assess the study quality of 

cohort studies and randomized controlled trials respectively.  

Results:  Overall, 31 articles involving 55,016 women, met all inclusion criteria. Generally 

studies were well conducted and had a low risk of bias. The absolute risk of recurrent 

spontaneous preterm birth at <37 weeks gestation was 30.0% (95% CI: 27.0-34.0%). The risk of 

recurrence due to preterm premature rupture of membranes (PPROPM) at <37 weeks gestation 

was 7.0% (95% CI: 6.0-9.0%), while the risk of recurrence due to preterm labor at <37 weeks 

gestation was 23.0% (95% CI: 13.0-33.0%).  

Conclusions: The risk of recurrent spontaneous preterm birth is high and is influenced by the 

underlying clinical pathway leading to the birth. This information is important for clinicians 

when discussing the recurrence risk of spontaneous preterm birth with their patients.  

 

Key Words: preterm birth, preterm labor, preterm premature rupture of membranes, recurrence, 

systematic review 
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Article Summary – Strengths and Limitations of This Study: 

• Spontaneous preterm birth has a tendency to reoccur in subsequent pregnancies; 

however, wide variation in the rate of recurrence has been reported in 

observational studies. Our study suggests that the rate of recurrence of spontaneous 

preterm birth is approximately 30%, and that the underlying etiology of the index 

spontaneous preterm birth (i.e. preterm labor or preterm premature rupture of 

membranes) influences the recurrence risk 

• Study strengths include the comprehensive search strategy with no language 

restrictions used in the nature of the systematic review. 

• Limitations primarily relate to the underlying data that was available on this top. 

Most of the included studies were observational in nature. Additionally, many 

primary studies examining the recurrence risk of preterm birth had to be excluded 

as they did not clearly differentiate between spontaneous and indicated preterm 

delivery. 
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Introduction 
Preterm birth (PTB) is defined as any live birth occurring before 37 completed weeks of 

gestation; this can be subdivided into extremely preterm (<28 weeks), very preterm (28-<32 

weeks), moderately preterm (32-<34 weeks) and late preterm (34-<37 weeks) birth based on the 

gestational age at delivery (1). This sub-categorization is important as gestational age is inversely 

associated with increased mortality, morbidity and the intensity of neonatal care required at birth 

(2). Worldwide, 11.1% of infants are born preterm every year (2). Preterm birth is the leading 

cause of perinatal morbidity and mortality, and second most common cause of death, after 

pneumonia, in children under five years of age (3, 4).  

Indicated preterm births (iPTB) are those induced for medical reasons, such a pre-

eclampsia, intrauterine growth restriction or fetal distress. However, approximately 70% of PTB 

occur spontaneously (sPTB) (5). The clinical pathways that lead to sPTB include both preterm 

labor (PTL) and preterm premature rupture of membranes (PPROM). PTL is defined as regular 

contractions and cervical changes at less than 37 weeks gestation, and PPROM is defined as 

spontaneous rupture of membranes at least one hour before contractions at less than 37 weeks 

gestation (5). Known risk factors for spontaneous preterm birth include a previous preterm birth, 

black race, low maternal body-mass index, comorbidities, a short cervical length and a raised 

fetal fibronectin concentration (5, 6). Despite knowing these risk factors, our understanding of 

the etiology behind sPTB is poor and sPTB is considered to be multifactorial in nature (6, 7).  

Although sPTB has a tendency to recur, little is known about the recurrence risk (7). This 

is of concern because sPTB is a leading cause of neonatal morbidity and mortality, and it also 

has a large economic burden (8). Further, women who have had a previous sPTB are likely to be 

anxious during their subsequent pregnancies, which itself can lead to sPTB and other adverse 

pregnancy outcomes (9-11). Therefore, we conducted a systematic review and meta-analysis to 
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investigate the absolute risk of recurrent sPTB following sPTB in singleton pregnancies. By 

better understanding the recurrence risk of sPTB, healthcare workers may be better equipped to 

manage patient needs and anxieties, as well as develop and apply preventative treatments.  

 

Methods 
Two study authors (ZV and CH) executed a comprehensive literature search of Medline (from 

1946 to 2015) and Embase (from 1980 to 2015) to identify publications that contained key terms 

related to recurrent sPTB in June 2015. The search was updated in July 2016, and expanded to 

included completed studies identified through ClinicalTrials.gov. PPROM, PTL and related 

terms were included in the search. For the full search strategy, please refer to Appendix A. Titles 

and abstracts of these articles were screened for relevance to determine which articles were to 

undergo full-text review. Two independent reviewers (ZV and CP) assessed the final eligibility 

of the full-text reviewed articles. We resolved disagreements in full-text eligibility or data 

abstraction by involvement of a third party (AM). The bibliographies of included studies were 

reviewed to identify additional publications not found through the database search. A complete 

summary of the search strategy can be found in Figure 1.  No patients were directly involved in 

this study. As this study only used published data, it was exempt from Institutional Review 

Board approval.  

All studies with original data concerning recurrent sPTB and N≥20 were considered for 

inclusion. No language restrictions were used. Conference abstracts were not considered. To be 

included, studies had to include women with at least one spontaneous preterm live birth (delivery 

<37 weeks of gestation) in their obstetric history and at least one subsequent pregnancy resulting 

in a live birth. Only studies looking at singleton pregnancies were included. Animal studies, 
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studies that only included iPTB, studies that combined iPTB and sPTB, and studies on PPROM 

or PTL where it was not clear if it resulted in sPTB were excluded.  

The data extraction was completed independently by ZV and CP using a standardized 

data extraction form. Data was reviewed by AM prior to analysis to ensure completeness. 

Information on the authors, title, publication year, data year, location of study, study design, 

definitions of preterm birth, and inclusion and exclusion criteria were all extracted. In addition, 

information was extracted on the number of women with spontaneous preterm birth in their 

initial pregnancy, whether due to PPROM or PTL, number of women with term births in 

subsequent pregnancies, and number of women with preterm births in subsequent pregnancies, 

whether due to PPROM, PTL or indicated causes. For studies that reported on total reproductive 

history, only data on the first 2 consecutive pregnancies were extracted.  The Newcastle-Ottawa 

Scale (12) and the Jadad Scale (13) were used to assess study quality of cohort studies and 

randomized controlled trials respectively. 

The primary outcome measured was the recurrence rate of sPTB at <37 weeks gestation. 

Secondary outcomes were recurrence rate of sPTB due to PPROM at <37 weeks (following 

sPTB due to PPROM in the index pregnancy), recurrence rate of sPTB due to PTL at <37 weeks 

(following sPTB due to PTL in the index pregnancy), the recurrence of sPTB by gestational age, 

and occurrence of iPTB at <37 weeks after a previous sPTB. 

For our analysis, we reported the pooled risk of recurrent preterm birth and 

accompanying 95% confidence interval (CIs) for sPTB <37 weeks gestation, by iPTB, by 

gestational age overall, and for PPROM and PTL. An a priori decision was made to use a 

random-effects model for all models in anticipation of clinical heterogeneity between studies. 

Forest plots were used to graphically represent the data. Heterogeneity between studies was 
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assessed using I
2
, the Cochrane Q statistic, and accompanying p-values.  All analysis was 

conducted using Stata SE Version 14 (College Station, Texas). 

 

Results 
The search returned 11,079 articles, of which 104 met criteria for full-text review (Figure 1). 

Overall 31 articles met all of the inclusion criteria and were included in the review (14-44). A 

summary of all of the studies’ data can be found in Appendix B. The included studies were 

almost entirely cohort studies, with only five randomized controlled trials (22, 26, 28, 35, 40). 

The sample sizes in the studies ranged from 33 to 17,334 women and the rate of recurrent sPTB 

at <37 weeks gestation ranged from 15.4% to 85.5%. Many of the studies had different 

definitions of sPTB and therefore they could not be combined for meta-analysis. The majority of 

the studies were of high quality (Appendix C), although cohort studies typically traded off 

between being generalizable to the broader patient population not seen in a tertiary center or 

having detailed clinical data available. 

The overall risk of recurrent sPTB at <37 weeks gestation (n=24 studies, 51,889 women) 

was 30.0% (95% CI: 27.0-34.0%) with a significant Q (P=0.00) and I
2 

of 98.7%, indicating 

between-study heterogeneity (Figure 2).  The risk of iPTB at <37 weeks gestation after a 

previous spontaneous preterm birth (n=6 studies, 18,355 women) was 5.0% (95% CI: 3.0-7.0%) 

with an I
2
 of 98.0%.  

Few studies looked specifically at the recurrence of PPROM and PTL resulting in sPTB 

in singleton pregnancies following prior PPROM or PTL respectively. However, the identified 

risk of recurrent PPROM at <37 weeks gestation (n=4 studies, 3,138 women) was 7.0% (95% 

CI: 6.0-9.0%) with an I
2
 of 51.0% and the risk of recurrent PTL at <37 weeks gestation (n=3 

studies, 2,852 women) was 23.0% (95% CI: 13.0-33.0%) with an I
2
 of 97.3% (Figure 3).  
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Discussion 

This meta-analysis provides an overview of the overall risk of recurrent spontaneous preterm 

birth. We found that the absolute risk of recurrent sPTB at less than 37 weeks gestation in 

pregnancies was 30%. Interestingly, the risk of recurrent PTL was found to be 23%, similar to 

the overall risk of recurrent sPTB. Conversely, if a woman has a sPTB due to PPROM, she is 

less likely to have recurrent PPROM leading to sPTB, with a risk of only 7%. Thus the clinical 

pathway that leads to sPTB appears to influence the risk of recurrence.  

In a 2014 systematic review by Kazemier et al., they found that the risk of recurrence of 

preterm birth is influenced by the singleton/twin order in both pregnancies. When they looked at 

spontaneous preterm singleton births after a previous singleton pregnancy, they found that the 

risk of recurrence of sPTB was 20.2% (45). In contrast to ours, their search strategy was 

exceedingly complex and included only cohort studies. Ultimately after abstract review they 

were left with only six studies that looked at singleton-singleton pregnancies, which could 

explain the difference in our recurrence risk. Further, our study is novel as we differentiated risk 

by clinical pathway leading to sPTB, whether PTL or PPROM. Ultimately, we found that while 

all sPTB tends to recur, the clinical pathway of the first sPTB is important in determining that 

recurrence risk. Previous studies tend to combine these underlying pathways together, but our 

results suggest that perhaps they should not be pooled.  Some studies also suggest that children 

born following PPROM have increased mortality (46-48) and worse health outcomes (49) 

compared to children born after PTL, which further supports the premise that these should be 

looked at as separate clinical conditions. 

However, new evidence suggests that PTB and the underlying pathologies that lead to 

PTB are not mutually exclusive, thus spontaneous and indicated PTB should perhaps not be 
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considered completely separate phenomena. Basso and Wilcox estimated that mortality due to 

immaturity itself was about 51%, whereas underlying pathologies that led to PTB accounted for 

approximately half of mortality (50). Similarly, in a recent study by Brown et al., the authors 

found that gestational age is on the causal path between biological determinants of preterm birth 

and neonatal outcomes (51). Infants who were exposed to both pathological intrauterine 

conditions and early delivery had increased risk for poor neonatal outcomes. As such a 

pathological intrauterine environment, for instance, one characterized by infection, placental 

ischemia and other biological determinants, acts through early delivery to produce poor 

outcomes. Ananth et al. found that women with a sPTB were not only likely to experience 

recurrent sPTB, but they were also associated with increased medically indicated PTB, and vice 

versa (7). Prevention of preterm mortality requires more than the resolution of PTB, but must 

also address the underlying etiologies.  

Strengths of our systematic review and meta-analysis include our broad search strategy 

with no language restrictions, which resulted in a large sample size of pooled data. Limitations 

include the fact that most of the studies were observational cohort studies and thus prone to bias, 

and there was significant between-study heterogeneity. While both small and large studies were 

identified and included, publication bias cannot be entirely ruled out. Although we were able to 

identify a large number of studies, many of them used different definitions for preterm birth and 

most did not identify the clinical pathway to PTB; as a consequence, these data could not be 

pooled and not all of the existing evidence could be summarized in this review.  

In conclusion, our study reaffirmed that a previous spontaneous preterm birth is a 

significant risk factor for recurrence in subsequent pregnancies, placing that risk at 30%. 

However, substantial heterogeneity in underlying studies speaks to the need for common 

Page 10 of 27

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review
 only

11 

 

definitions and further work in this area. Additionally, the absolute risk of recurrence appears to 

be substantially higher if the underlying etiology is PTL as opposed to PPROM.  Clinically, this 

information will help with risk stratification and patient counseling. Interventions to prevent PTB 

need to be focused and designed for specific clinical conditions. Further studies need to be done 

that look at the efficacy of preventative treatments in the prevention of PTL and PPROM. 

Knowledge of the etiology of previous sPTB may help identify women at increased risk of sPTB 

for participation in future clinical trials.  
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Figure 1: Flow diagram of included studies 

 

Figure 2. Forest plot of the rate of recurrent spontaneous preterm birth at <37 weeks gestation 

 

Figure 3. Forest plots of the rate of (a) recurrent spontaneous preterm birth (sPTB) due to 

preterm premature rupture of membranes (PPROM) following sPTB due to PPROM in the index 

pregnancy at <37 weeks gestation and (b) recurrent sPTB due to preterm labor (PTL) following  

sPTB due to PTL in the index pregnancy at <37 weeks gestation 
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Appendix A. Search Strategy 

 

 

Search Strategy: 

1. Premature Birth 

2. ((preterm or pre-term or premature or pre-mature) and (birth* or childbirth* or deliver* 

or parturit*)) 

3. Fetal Membranes, Premature Rupture 

4. pprom 

5. Obstetric Labor, Premature 

6. ((preterm or pre-term or premature or pre-mature) and (labor or labour)) 

7. Recurrence 

8. recur* or repeat 

9. (1 or 2 or 3 or 4 or 5 or 6) and (7 or 8) 

 

 

Initial Search Run on June 17, 2015 

Updated Search Run on July 29, 2016 
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Appendix B. Included studies 

 

Author Time 

Period 

Country Gestational Age at 

Spontaneous Preterm 

Birth (weeks) 

Recurrence Rate 

Pregnancy 

1 

Pregnancy 

2 

Ananth 

2006 (14) 

1989-1997 USA <37 <37 2,626/12,670 

(20.7%) 

<35 698/12,670 (5.5%) 

<32 164/12,670 (1.3%) 

<35 <35 698/4,463 (15.6%) 

<32 <32 164/2,022 (8.1%) 

Asrat 1991 

(15) 

 USA <36 <36 39/121 (32.2%) 

Care 2014 

(16) 

2010-2012 UK <34 <37 53/196 (27.0%) 

 

 

 

<34 32/196 (16.3%) 

Carr-Hill 

1985 (17) 

unspecified UK <37 <37 76/494 (15.4%) 

Coleman 

2012 (18) 

2007-2010 USA <37 <37 426/1,183 (36.0%) 

<35 156/1,183 (13.2%) 

<32 61/1,183 (5.2%) 

Crane 2008 

(19) 

2000-2006 Canada <37 <37 21/90 (23.3%) 

<35 11/90 (12.2%)  

<34 8/90 (8.9%) 

Drassinower 

2015 (20) 

2009-2014 USA <37 <37 178/522 (34.1%) 

<34 78/522 (14.9%) 

<28 34/522 (6.5%) 

Ekwo 1998 

(21) 

1988-1993 USA <37 <37 56/108 (51.9%) 

Elimian 

2016 (22) 

2007-2010 USA <37 <37 59/145 (40.7%) 

<34 27/145 (18.6%) 

<28 15/145 (10.3%) 

Esplin 2008 

(23) 

1989-2001 USA <37 <37 1663/6,199 

(26.8%) 

<34 <37 587/1,669 (35.2%) 

<34 299/1,669 (17.9%) 

Getahun 

2010 (24) 

*PPROM 

only 

1989-1997 USA <37 <37 157/2,259 (6.9%) 

<34 <34 97/1,071 (9.1%) 

<32 <32 67/697 (9.6%) 

<28 <28 22/323 (6.8%) 
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Author Time 

Period 

Country Gestational Age at 

Spontaneous Preterm 

Birth (weeks) 

Recurrence Rate 

Pregnancy 

1 

Pregnancy 

2 

Glover 2011 

(25) 

2006-2009 USA <37 <37 13/33 (39.4%) 

Goldenberg 

2006 (26) 

1996-2001 USA <32 <37 71/83 (85.5%) 

Gonzalez-

Quintero 

2011 (27) 

2006-2009 USA <37 <37 597/2,123 (28.1%) 

<35 274/2,123 (12.9%) 

<32 113/2,123 (5.3%) 

Harper 2010 

(28) 

2005-2006 USA <37 <37 292/852 (34.3%) 

Himes 2008 

(29) 

2001-2006 USA <37 <37 102/245 (41.6%) 

Hsieh 2005 

(30) 

1991-1997 Taiwan <37 <37 52/228 (22.8%) 

Laughon 

2014 (31) 

2002-2010 USA <37 <37 921/3,139 (29.3%) 

Lykke 2009 

(32) 

1978-2007 Denmark <37 <37 2742/17,334 

(15.8%) 

<33 444/1,734 (25.6%) 

<28 139/535 (26.0%) 

Manuck 

2011 (33) 

2002-2010 USA <35 <37 131/223 (58.7%) 

<32 25/223 (11.2%) 

Markham 

2014 (34) 

1998-2012 USA <37 <37 459/1,066 (43.1%) 

<35 269/1,066 (25.2%) 

<32 139/1,066 (13.0%) 

Meis 2003 

(35) 

1999-2002 USA <37 <37 159/463 (34.3%) 

Mercer 

1999 (36) 

1992-1994 USA <37 <37 89/410 (21.7%) 

<35 55/410 (13.4%) 

<32 21/410 (5.1%) 

<30 12/410 (2.9%) 

<28 10/410 (2.4%) 

Owen 2001 

(37) 

1997-1999 USA 

 
 

<32 <35 48/183 (26.2%) 

<32 35/183 (19.1%) 

<28 29/183 (15.8%) 

<24 20/183 (10.9%) 

Rittenberg 

2009 (38) 

1995-2005 USA <37 <37 185/684 (27.0%) 

<35 78/684 (11.4%) 

<32 30/684 (4.4%) 

Turitz 2016 

(39) 

2009-2013 USA <37 <37 80/218 (36.7%) 
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Author Time 

Period 

Country Gestational Age at 

Spontaneous Preterm 

Birth (weeks) 

Recurrence Rate 

Pregnancy 

1 

Pregnancy 

2 

Vermeulen 

1999 (40) 

1994-1996 Netherlands <37 <37 41/168 (24.4%) 

<34 14/168 (8.3%) 

Vogel 2007 

(41) 

2000-2001 USA <30 <37 20/62 (32.3%) 

<35 15/62 (24.2%) 

Wallace 

2016 (42) 

1986-2013 UK <37 <37 449/1,900 (23.6%) 

Yamashita 

2015 (43) 

2008-2012 Japan <37 <37 89/547 (16.3%) 

<34 28/547 (5.1%) 

<28 10/547 (1.8%) 

Yang 2016 

(44) 

2005-2011 USA <37 <37 588/1,068 (55.1%) 

<32 71/1,068 (6.6%) 

<32 <32 43/177 (24.3%) 
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Appendix C: Quality Assessment 

 

Cohort Studies (Newcastle Ottawa Scale (12)) 

Author Representatives 

of the exposed 

cohort 

(0, 1) 

Selection 

of the 

non-

exposed 

cohort 

(0, 1) 

Ascertainment 

of exposure 

(0, 1) 

Demonstration 

that outcome 

of interest was 

not present at 

start of study 

(0, 1) 

Comparability 

of cohorts on 

the basis of 

design or 

analysis 

(0, 1) 

Assessment 

of outcome 

(0, 1) 

Was 

follow-

up long 

enough 

for 

outcomes 

to occur 

(0, 1) 

Adequacy of 

follow-up of 

cohorts 

(0, 1) 

Ananth 

2006 (14) 

1 N/A 0 1 N/A 0 1 1 

Asrat 1991 

(15) 

0 N/A 1 1 N/A 1 1 1 

Care 2014 

(16) 

0 N/A  1 1 N/A 1 1 1 

Carr-Hill 

1985 (17) 

1 N/A 0 1 N/A 0 1 1 

Coleman 

2012 (18) 

0 N/A 1 1 N/A 1 1 1 

Crane 2008 

(19) 

0 N/A 1 1 N/A 1 1 1 

Drassinower 

2015 (20) 

0 N/A 1 1 N/A 1 1 1 

Ekwo 1998 

(21) 

0 N/A 1 1 N/A 1 1 1 

Esplin 2008 

(23) 

1 N/A 0 1 N/A 0 1 1 
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Cohort Studies (Newcastle Ottawa Scale (12)) 

Author Representatives 

of the exposed 

cohort 

(0, 1) 

Selection 

of the 

non-

exposed 

cohort 

(0, 1) 

Ascertainment 

of exposure 

(0, 1) 

Demonstration 

that outcome 

of interest was 

not present at 

start of study 

(0, 1) 

Comparability 

of cohorts on 

the basis of 

design or 

analysis 

(0, 1) 

Assessment 

of outcome 

(0, 1) 

Was 

follow-

up long 

enough 

for 

outcomes 

to occur 

(0, 1) 

Adequacy of 

follow-up of 

cohorts 

(0, 1) 

Getahun 

2010 (24) 

*PPROM 

only 

1 N/A  0 1 N/A 0 1 1 

Goldenberg 

2006 (26) 

0 N/A 1 1 N/A 1 1 1 

Gonzalez-

Quintero 

2011 (27) 

0 N/A 1 1 N/A 1 1 1 

Himes 2008 

(29) 

0 N/A 1 1 N/A 1 1 1 

Hsieh 2005 

(30) 

0 N/A 1 1 N/A 1 1 1 

Laughon 

2014 (31) 

1 N/A 0 1 N/A 0 1 1 

Lykke 2009 

(32) 

1 N/A  0 1 N/A 0 1 1 

Manuck 

2011 (33) 

0 N/A 1 1 N/A 1 1 1 

Markham 

2014 (34) 

0 N/A 1 1 N/A 1 1 1 
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Cohort Studies (Newcastle Ottawa Scale (12)) 

Author Representatives 

of the exposed 

cohort 

(0, 1) 

Selection 

of the 

non-

exposed 

cohort 

(0, 1) 

Ascertainment 

of exposure 

(0, 1) 

Demonstration 

that outcome 

of interest was 

not present at 

start of study 

(0, 1) 

Comparability 

of cohorts on 

the basis of 

design or 

analysis 

(0, 1) 

Assessment 

of outcome 

(0, 1) 

Was 

follow-

up long 

enough 

for 

outcomes 

to occur 

(0, 1) 

Adequacy of 

follow-up of 

cohorts 

(0, 1) 

Mercer 

1999 (36) 

0 N/A 1 1 N/A 1 1 1 

Owen 2001 

(37) 

0 N/A 1 1 N/A 1 1 1 

Rittenberg 

2009 (38) 

0 N/A 1 1 N/A 1 1 1 

Turitz 2016 

(39) 

0 N/A 1 1 N/A 1 1 1 

Vogel 2007 

(41) 

0 N/A 1 1 N/A 1 1 1 

Wallace 

2016 (42) 

1 N/A 0 1 N/A 0 1 1 

Yamashita 

2015 (43) 

0 N/A 1 1 N/A 1 1 1 

Yang 2016 

(44) 

1 N/A 0 1 N/A 0 1 1 
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Randomized Controlled Trials (Jadad Scale (13)) 

Author Randomization (0, 1, 2) Blinding (0, 1, 2) An account of all patients (0, 1) 

Elimian 2016 (22) 2 0 0 

Glover 2011 (25) 1 2 1 

Harper 2010 (28) 2 2 1 

Meis 2003 (35) 2 2 1 

Vermeulen 1999 (40) 2 2 0 
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Abstract 
Objective: To determine the risk of recurrent spontaneous preterm birth following spontaneous 

preterm birth in singleton pregnancies. 

Design: Systematic review and meta-analysis using random effects models. 

Data Sources: An electronic literature search was conducted in OVID Medline (1948-2016), 

Embase (1980-2016), and ClinicalTrials.gov (completed studies effective 2016), supplemented 

by hand-searching bibliographies of included studies, to find all studies with original data 

concerning recurrent spontaneous preterm birth. 

Study Eligibility Criteria: Studies had to include women with at least one spontaneous preterm 

singleton live birth (<37 weeks) and at least one subsequent pregnancy resulting in a singleton 

live birth. The Newcastle-Ottawa Scale and Jadad Scale were used to assess the study quality of 

cohort studies and randomized controlled trials respectively.  

Results:  Overall, 31 articles involving 55,016 women, met all inclusion criteria. Generally 

studies were well conducted and had a low risk of bias. The absolute risk of recurrent 

spontaneous preterm birth at <37 weeks gestation was 30.0% (95% CI: 27.0-34.0%). The risk of 

recurrence due to preterm premature rupture of membranes (PPROM) at <37 weeks gestation 

was 7.0% (95% CI: 6.0-9.0%), while the risk of recurrence due to preterm labor at <37 weeks 

gestation was 23.0% (95% CI: 13.0-33.0%).  

Conclusions: The risk of recurrent spontaneous preterm birth is high and is influenced by the 

underlying clinical pathway leading to the birth. This information is important for clinicians 

when discussing the recurrence risk of spontaneous preterm birth with their patients.  

Key Words: preterm birth, preterm labor, preterm premature rupture of membranes, recurrence, 

systematic review 

Article Summary – Strengths and Limitations of This Study: 
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• Study strengths include the comprehensive search strategy with no language 

restrictions used in the nature of the systematic review. 

• Limitations primarily relate to the underlying data that was available on this top. 

Most of the included studies were observational in nature. Additionally, many 

primary studies examining the recurrence risk of preterm birth had to be excluded 

as they did not clearly differentiate between spontaneous and indicated preterm 

delivery. There was a high degree of heterogeneity in the studies included in the 

meta-analysis. 
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Introduction 
Preterm birth (PTB) is defined as any live birth occurring before 37 completed weeks of 

gestation; this can be subdivided into extremely preterm (<28 weeks), very preterm (28-<32 

weeks), moderately preterm (32-<34 weeks) and late preterm (34-<37 weeks) birth based on the 

gestational age at delivery (1). This sub-categorization is important as gestational age is inversely 

associated with increased mortality, morbidity and the intensity of neonatal care required at birth 

(2). Worldwide, 11.1% of infants are born preterm every year (2). Preterm birth is the leading 

cause of perinatal morbidity and mortality, and second most common cause of death, after 

pneumonia, in children under five years of age (3, 4).  

Indicated preterm births (iPTB) are those induced for medical reasons, such a pre-

eclampsia, intrauterine growth restriction or fetal distress. However, approximately 70% of PTB 

occur spontaneously (sPTB) (5). The clinical pathways that lead to sPTB typically include 

preterm labor (PTL) and preterm premature rupture of membranes (PPROM), although these 

occur on a spectrum and may co-occur in the same clinical setting. PTL is defined as regular 

contractions and cervical changes at less than 37 weeks gestation, and PPROM is defined as 

spontaneous rupture of membranes at least one hour before contractions at less than 37 weeks 

gestation (5). Known risk factors for spontaneous preterm birth include a previous preterm birth, 

black race, low maternal body-mass index, comorbidities, a short cervical length and a raised 

fetal fibronectin concentration (5, 6). Despite knowing these risk factors, our understanding of 

the etiology behind sPTB is poor and sPTB is considered to be multifactorial in nature (6, 7).  

Although sPTB has a tendency to recur, little is known about the recurrence risk (7). This 

is of concern because sPTB is a leading cause of neonatal morbidity and mortality, and it also 

has a large economic burden (8). Further, women who have had a previous sPTB are likely to be 

anxious during their subsequent pregnancies, which itself can lead to sPTB and other adverse 
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pregnancy outcomes (9-11). Therefore, we conducted a systematic review and meta-analysis to 

investigate the absolute risk of recurrent sPTB following sPTB in singleton pregnancies. By 

better understanding the recurrence risk of sPTB, healthcare workers may be better equipped to 

manage patient needs and anxieties, as well as develop and apply preventative treatments.  

 

Methods 
Two study authors (ZV and CH) executed a comprehensive literature search of Medline (from 

1946 to 2015) and Embase (from 1980 to 2015) to identify publications that contained key terms 

related to recurrent sPTB in June 2015. The search was updated in July 2016, and expanded to 

included completed studies identified through ClinicalTrials.gov. PPROM, PTL and related 

terms were included in the search. For the full search strategy, please refer to Appendix A. Titles 

and abstracts of these articles were screened for relevance to determine which articles were to 

undergo full-text review. Two independent reviewers (ZV and CP) assessed the final eligibility 

of the full-text reviewed articles. We resolved disagreements in full-text eligibility or data 

abstraction by involvement of a third party (AM). The bibliographies of included studies were 

reviewed to identify additional publications not found through the database search. A complete 

summary of the search strategy can be found in Figure 1.  No patients were directly involved in 

this study. As this study only used published data, it was exempt from Institutional Review 

Board approval. 

All studies with original data concerning recurrent sPTB and N≥20 were considered for 

inclusion. No language restrictions were used. Conference abstracts were not considered. To be 

included, studies had to include women with at least one spontaneous preterm live birth (delivery 

<37 weeks of gestation) in their obstetric history and at least one subsequent pregnancy resulting 

in a live birth. Only studies looking at singleton pregnancies were included. Animal studies, 

Page 6 of 40

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review
 only

studies that only included iPTB, studies that combined iPTB and sPTB, and studies on PPROM 

or PTL where it was not clear if it resulted in sPTB were excluded.  In the case of duplicate data, 

the study with the largest sample size was included. 

The data extraction was completed independently by ZV and CP using a standardized 

data extraction form. Data was reviewed by AM prior to analysis to ensure completeness. 

Information on the authors, title, publication year, data year, location of study, study design, 

definitions of preterm birth, and inclusion and exclusion criteria were all extracted. In addition, 

information was extracted on the number of women with spontaneous preterm birth in their 

initial pregnancy, whether due to PPROM or PTL, number of women with term births in 

subsequent pregnancies, and number of women with preterm births in subsequent pregnancies, 

whether due to PPROM, PTL or indicated causes. For studies that reported on total reproductive 

history, only data on the first 2 consecutive pregnancies were extracted.  The Newcastle-Ottawa 

Scale (12) and the Jadad Scale (13) were used to assess study quality of cohort studies and 

randomized controlled trials respectively. 

The primary outcome measured was the recurrence rate of sPTB at <37 weeks gestation. 

Secondary outcomes were recurrence rate of sPTB due to PPROM at <37 weeks (following 

sPTB due to PPROM in the index pregnancy), recurrence rate of sPTB due to PTL at <37 weeks 

(following sPTB due to PTL in the index pregnancy), the recurrence of sPTB by gestational age, 

and occurrence of iPTB at <37 weeks after a previous sPTB. 

For our analysis, we reported the pooled risk of recurrent preterm birth and 

accompanying 95% confidence interval (CIs) for sPTB <37 weeks gestation, by iPTB, by 

gestational age overall, and for PPROM and PTL. Stratified analysis was used to examine the 

recurrence rate of sPTB <37 weeks gestation by study design and quality. An a priori decision 
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was made to use a random-effects model for all models in anticipation of clinical heterogeneity 

between studies. Forest plots were used to graphically represent the data. Heterogeneity between 

studies was assessed using I
2
, the Cochrane Q statistic, and accompanying p-values.  All analysis 

was conducted using Stata SE Version 14 (College Station, Texas). 

 

Results 
The search returned 11,079 articles, of which 104 met criteria for full-text review (Figure 1). 

Overall 31 articles met all of the inclusion criteria and were included in the review (14-44). A 

summary of all of the studies’ data can be found in Appendix B (recurrence risk of sPTB is 

located in Table B1 and occurrence risk of iPTB following sPTB is located in Table B2). The 

included studies were almost entirely cohort studies, with only five randomized controlled trials 

(22, 26, 28, 35, 40). The sample sizes in the studies ranged from 33 to 17,334 women and the 

rate of recurrent sPTB at <37 weeks gestation ranged from 15.4% to 85.5%. Many of the studies 

had different definitions of sPTB and therefore they could not be combined for meta-analysis. 

There was only a sufficient number of studies that defined preterm birth as occurring prior to 37 

weeks in both the index and subsequent pregnancy to create pooled estimates.  

The overall risk of recurrent sPTB at <37 weeks gestation (n=24 studies, 51,889 women) 

was 30.0% (95% CI: 27.0-34.0%) with a significant Q (P=0.00) and I
2 

of 98.7%, indicating 

between-study heterogeneity (Figure 2).  The recurrence rate did not significantly differ between 

randomized controlled trials (34.0%, 95% CI: 29.0-38.0%; n=5 studies, 1,661 women) and 

cohort studies (30.0%, 95% CI: 26.0-34.0%, n=19 studies, 50,228 women). The risk of iPTB at 

<37 weeks gestation after a previous spontaneous preterm birth (n=6 studies, 18,355 women) 

was 5.0% (95% CI: 3.0-7.0%) with an I
2
 of 98.0%.  
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Few studies looked specifically at the recurrence of PPROM and PTL resulting in sPTB 

in singleton pregnancies following prior PPROM or PTL respectively. However, the identified 

risk of recurrent PPROM at <37 weeks gestation (n=4 studies, 3,138 women) was 7.0% (95% 

CI: 6.0-9.0%) with an I
2
 of 51.0% and the risk of recurrent PTL at <37 weeks gestation (n=3 

studies, 2,852 women) was 23.0% (95% CI: 13.0-33.0%) with an I
2
 of 97.3% (Figure 3).  

The majority of the studies were of high quality (Appendix C – cohort studies are located 

in Table C1 and randomized controlled trials in Table C2). As this study exclusively examined 

the recurrence risk of spontaneous preterm birth, two elements of the Newcastle Ottawa Scale 

relating to the selection of the unexposed cohort and the comparability of the exposed and 

unexposed cohorts were unable to be assessed. Cohort studies typically traded off between being 

generalizable to the broader patient population not seen in a tertiary center or having detailed 

clinical data available. All cohort studies had a quality score of 4 or 5 out of a possible 6 points. 

No statistically significant differences in the recurrence rate of sPTB prior to 37 weeks was 

observed based on quality score in cohort studies (Score 4: 27.0%, 95% CI: 21.0-32.0%; Score 5: 

32.0%, 95% CI: 26.0-37.0%). All but one randomized controlled trial was deemed to be high 

quality (Jahad score ≥4/5) (22). This low-quality trial did report a higher recurrence risk (41.0%, 

95% CI: 33.0-49.0) than the pooled estimated generated from high quality trials (32.0%, 95% CI: 

28.0-37.0); however, as evidenced by the overlapping confidence intervals, these estimates are 

not statistically different. 

 

 

Discussion 

This meta-analysis provides an overview of the overall risk of recurrent spontaneous preterm 

birth. We found that the absolute risk of recurrent sPTB at less than 37 weeks gestation in 
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pregnancies was 30%; this estimate was consistent across study designs and study quality. 

Interestingly, the risk of recurrent PTL was found to be 23%, similar to the overall risk of 

recurrent sPTB. Conversely, if a woman has a sPTB due to PPROM, she is less likely to have 

recurrent PPROM leading to sPTB, with a risk of only 7%. Thus the clinical pathway that leads 

to sPTB appears to influence the risk of recurrence.  

In a 2014 systematic review by Kazemier et al., they found that the risk of recurrence of 

preterm birth is influenced by the singleton/twin order in both pregnancies. When they looked at 

spontaneous preterm singleton births after a previous singleton pregnancy, they found that the 

risk of recurrence of sPTB was 20.2% (45). In contrast to ours, their search strategy was 

exceedingly complex and included only cohort studies. Ultimately after abstract review they 

were left with only six studies that looked at singleton-singleton pregnancies, which could 

explain the difference in our recurrence risk. Further, our study is novel as we differentiated risk 

by clinical pathway leading to sPTB, whether PTL or PPROM. Ultimately, we found that while 

all sPTB tends to recur, the clinical pathway of the first sPTB is important in determining that 

recurrence risk. Previous studies tend to combine these underlying pathways together, but our 

results suggest that perhaps they should not be pooled.  Some studies also suggest that children 

born following PPROM have increased mortality (46-48) and worse health outcomes (49) 

compared to children born after PTL, which further supports the premise that these should be 

looked at as separate clinical conditions. 

However, new evidence suggests that PTB and the underlying pathologies that lead to 

PTB are not mutually exclusive, thus spontaneous and indicated PTB should perhaps not be 

considered completely separate phenomena. Basso and Wilcox estimated that mortality due to 

immaturity itself was about 51%, whereas underlying pathologies that led to PTB accounted for 
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approximately half of mortality (50). Similarly, in a recent study by Brown et al., the authors 

found that gestational age is on the causal path between biological determinants of preterm birth 

and neonatal outcomes (51). Infants who were exposed to both pathological intrauterine 

conditions and early delivery had increased risk for poor neonatal outcomes. As such a 

pathological intrauterine environment, for instance, one characterized by infection, placental 

ischemia and other biological determinants, acts through early delivery to produce poor 

outcomes. Ananth et al. found that women with a sPTB were not only likely to experience 

recurrent sPTB, but they were also associated with increased medically indicated PTB, and vice 

versa (7). Prevention of preterm mortality requires more than the resolution of PTB, but must 

also address the underlying etiologies.  

Strengths of our systematic review and meta-analysis include our broad search strategy 

with no language restrictions, which resulted in a large sample size of pooled data. Limitations 

include the fact that most of the studies were observational cohort studies and thus prone to bias, 

and there was significant between-study heterogeneity. This is important as many women 

included in this body of literature would have been offered some form of therapy to reduce their 

risks of recurrent preterm birth. Strategies to prevent preterm birth are varied and evidence of 

their effectiveness are mixed (52). Effective strategies to prevent preterm birth can be 

implemented at the individual level (i.e. progesterone supplementation, cervical cerclage, 

smoking cessation), the clinic/hospital level (i.e. hard-stop policies to prevent non-medically 

indicated late preterm and early term birth, preterm birth prevention clinics) and the societal 

level (i.e. smoke-free legislation to reduce environmental tobacco smoke, legislation regarding 

single-embryo transfer during in vitro fertilization) (52).  As documentation of specific treatment 

strategies was not consistently reported in this body of literature, we were not able to synthesize 
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these results according to specific types of treatment. While both small and large studies were 

identified and included, publication bias cannot be entirely ruled out. While the decision to only 

include studies with a minimum sample size of 20 was used to exclude case studies of rare cases 

that may not be generalizable, this may have inadvertently resulted in the exclusion of some 

small case series. Additionally, we only searched 3 independent sources and reviewed the 

bibliographies of included articles, thus articles in journals that were not indexed in either 

Medline or Embase or studies that were not registered on clinicialtrials.gov or were not cited by 

articles that were ultimately included in this review would not have been identified. We 

anticipate that the impact of this would be minimal as a study examining the effectiveness of 

different databases to identify studies related to maternal morbidity and mortality concluded that 

Medline and Embase has the highest yield in identifying unique studies, and that over 60% of all 

studies were identified by multiple sources (53).  Although we were able to identify a large 

number of studies, many of them used different definitions for preterm birth and most did not 

identify the clinical pathway to PTB; as a consequence, these data could not be pooled and not 

all of the existing evidence could be summarized in this review.   

In conclusion, our study reaffirmed that a previous spontaneous preterm birth is a 

significant risk factor for recurrence in subsequent pregnancies, placing that risk at 30%. 

However, substantial heterogeneity in underlying studies speaks to the need for common 

definitions and further work in this area. Additionally, the absolute risk of recurrence appears to 

be substantially higher if the underlying etiology is PTL as opposed to PPROM.  Clinically, this 

information will help with risk stratification and patient counseling. Interventions to prevent PTB 

need to be focused and designed for specific clinical conditions. Further studies need to be done 

that look at the efficacy of preventative treatments in the prevention of PTL and PPROM. 
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Knowledge of the etiology of previous sPTB may help identify women at increased risk of sPTB 

for participation in future clinical trials.  
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Figure 1: Flow diagram of included studies 

 

Figure 2. Forest plot of the rate of recurrent spontaneous preterm birth at <37 weeks gestation 

 

Figure 3. Forest plots of the rate of (a) recurrent PPROM and (b) recurrent PTL at <37 weeks 

gestation 

Page 18 of 40

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review
 only

  

 

 

Figure 1  

 

254x190mm (300 x 300 DPI)  

 

 

Page 19 of 40

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review
 only

  

 

 

Figure 2  

 

254x190mm (300 x 300 DPI)  

 
 

Page 20 of 40

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review
 only

  

 

 

Figure 3  

 

254x190mm (300 x 300 DPI)  

 

 

Page 21 of 40

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review
 only

1 
 

Appendix A. Search Strategy 
 
 
Search Strategy: 

1. Premature Birth 
2. ((preterm or pre-term or premature or pre-mature) and (birth* or childbirth* or deliver* 

or parturit*)) 
3. Fetal Membranes, Premature Rupture 
4. pprom 
5. Obstetric Labor, Premature 
6. ((preterm or pre-term or premature or pre-mature) and (labor or labour)) 
7. Recurrence 
8. recur* or repeat 
9. (1 or 2 or 3 or 4 or 5 or 6) and (7 or 8) 

 
 
Initial Search Run on June 17, 2015 
Updated Search Run on July 29, 2016 
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Appendix B. Included studies 
 
Table B1 – Recurrence rate of spontaneous preterm birth 

Author Time 
Period 

Country Study 
Design 

Inclusion/Exclusion Criteria Gestational Age at 
Spontaneous Preterm 

Birth (weeks) 

Recurrence Rate 
of Spontaneous 
Preterm Birth 

  Pregnancy 
1 

Pregnancy 
2 

Ananth 
2006 (14) 

1989-
1997 

USA Cohort Inclusion: Prior sPTB 
Exclusion: Multiple gestation 
pregnancies 

<37 <37 2,626/12,670 
(20.7%) 

<35 698/12,670 (5.5%) 
<32 164/12,670 (1.3%) 

<35 <35 698/4,463 (15.6%) 
<32 <32 164/2,022 (8.1%) 

Asrat 1991 
(15) 

 USA Cohort Inclusion: Prior PPROM 
Exclusion: Incompetent cervix, 
uterine anomalies, diethelstilbestrol 
exposure, multiple gestations, and 
neonates with congenital anomalies 

<36 <36 39/121 (32.2%) 

Care 2014 
(16) 

2010-
2012 

UK Cohort Inclusion: Prior sPTB or PROM; 
cervical length >25mm at 20-24 
weeks 
Exclusion: Prior cervical surgery, 
non-viable pregnancy, history of 
iPTB, cerclage, uterine anomalies, 
Ehlers-Danlos syndrome, intrauterine 
death, twins, congenital abnormalities 

<34 <37 53/196 (27.0%) 
 
 

 
<34 32/196 (16.3%) 

Carr-Hill 
1985 (17) 

unspeci
fied 

UK Cohort Inclusion: Prior sPTB, singleton 
Exclusion: Multiple gestation, 
stillbirth, induced labor 

<37 <37 76/494 (15.4%) 
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Author Time 
Period 

Country Study 
Design 

Inclusion/Exclusion Criteria Gestational Age at 
Spontaneous Preterm 

Birth (weeks) 

Recurrence Rate 
of Spontaneous 
Preterm Birth 

  Pregnancy 
1 

Pregnancy 
2 

Coleman 
2012 (18) 

2007-
2010 

USA Cohort Inclusion: Prior sPTB, received 17P 
injections 
Exclusion: Non-compliance with 17P 
injections 

<37 <37 426/1,183 (36.0%) 
<35 156/1,183 (13.2%) 
<32 61/1,183 (5.2%) 

Crane 2008 
(19) 

2000-
2006 

Canada Cohort Inclusion: Prior sPTB 
Exclusion: Cervical cerclage  

<37 <37 21/90 (23.3%) 
<35 11/90 (12.2%)  
<34 8/90 (8.9%) 

Drassinower 
2015 (20) 

2009-
2014 

USA Cohort Inclusion: Prior sPTB, singleton 
Exclusion: Multiple gestations, major 
fetal anomalies, cerclage, history of 
iPTB or placental abruption 

<37 <37 178/522 (34.1%) 
<34 78/522 (14.9%) 
<28 34/522 (6.5%) 

Ekwo 1998 
(21) 

1988-
1993 

USA Cohort Inclusion: Prior sPTB Exclusion: 
Fetal loss, multiple gestation 

<37 <37 56/108 (51.9%) 

Elimian 
2016 (22) 

2007-
2010 

USA RCT Inclusion: Prior sPTB 
Exclusion: Multiple gestation, major 
fetal anomaly or chromosomal 
anomalies, prior progesterone use in 
the current pregnancy, use of heparin 
in the current pregnancy, uterine 
anomaly, maternal medical 
conditions, no ultrasound before 20+6 
in the current pregnancy 

<37 <37 59/145 (40.7%) 
<34 27/145 (18.6%) 
<28 15/145 (10.3%) 

Esplin 2008 
(23) 

1989-
2001 

USA Cohort Inclusion: First live birth in Utah and 
a subsequent live birth in the study 
period 

<37 <37 1663/6,199 
(26.8%) 

<34 <37 587/1,669 (35.2%) 
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Author Time 
Period 

Country Study 
Design 

Inclusion/Exclusion Criteria Gestational Age at 
Spontaneous Preterm 

Birth (weeks) 

Recurrence Rate 
of Spontaneous 
Preterm Birth 

  Pregnancy 
1 

Pregnancy 
2 

<34 299/1,669 (17.9%) 
Getahun 
2010 (24) 
*PPROM 
only 

1989-
1997 

USA Cohort Inclusion: Prior PPROM 
Exclusion: Multiple gestations, births 
<20 weeks, non White or Black race, 
>1 pregnancy before 1989 

<37 <37 157/2,259 (6.9%) 
<34 <34 97/1,071 (9.1%) 
<32 <32 67/697 (9.6%) 
<28 <28 22/323 (6.8%) 

Glover 2011 
(25) 

2006-
2009 

USA RCT Inclusion: Prior sPTB, initiated 
prenatal care prior to 20 weeks 
gestation 
Exclusion: Multiple gestations, major 
fetal anomaly 

<37 <37 13/33 (39.4%) 

Goldenberg 
2006 (26) 

1996-
2001 

USA Cohort Inclusion: Prior sPTB <32 <37 71/83 (85.5%) 

Gonzalez-
Quintero 
2011 (27) 

2006-
2009 

USA Cohort Inclusion: Prior sPTB, singleton  
Exclusion: iPTB, >1 prior PTB, 
cerclage in current pregnancy 

<37 <37 597/2,123 (28.1%) 
<35 274/2,123 (12.9%) 
<32 113/2,123 (5.3%) 
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Author Time 
Period 

Country Study 
Design 

Inclusion/Exclusion Criteria Gestational Age at 
Spontaneous Preterm 

Birth (weeks) 

Recurrence Rate 
of Spontaneous 
Preterm Birth 

  Pregnancy 
1 

Pregnancy 
2 

Harper 2010 
(28) 

2005-
2006 

USA RCT Inclusion: Prior sPTB, singleton 
Exclusion: Major fetal anomaly, 
intake of a fish oil supplement 
>500mg/week at any time during the 
preceding month, allergy to fish, 
anticoagulation therapy, hypertension, 
White's classification D or higher 
diabetes, drug or alcohol abuse, 
seizure disorder, uncontrolled thyroid 
disease, clotting disorder, current or 
planned cerclage, or a plan to deliver 
either elsewhere or before 37 weeks of 
gestation 

<37 <37 292/852 (34.3%) 

Himes 2008 
(29) 

2001-
2006 

USA Cohort Inclusion: Prior sPTB placenta 
pathology information available 

<37 <37 102/245 (41.6%) 

Hsieh 2005 
(30) 

1991-
1997 

Taiwan Cohort Exclusion: Multiple gestation, fetal 
anomaly, cervical incompetence, 
stillbirth, iPTB 

<37 <37 52/228 (22.8%) 

Laughon 
2014 (31) 

2002-
2010 

USA Cohort Inclusion: Singleton pregnancies <37 <37 921/3,139 (29.3%) 

Lykke 2009 
(32) 

1978-
2007 

Denmark Cohort Inclusion: Maternal age between 15-
50 
Exclusion: Women with 
cardiovascular disease, type 1 or 2 
diabetes, women who emigrated 
within 3 months of 2nd delivery 

<37 <37 2742/17,334 
(15.8%) 

<33 444/1,734 (25.6%) 
<28 139/535 (26.0%) 
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Author Time 
Period 

Country Study 
Design 

Inclusion/Exclusion Criteria Gestational Age at 
Spontaneous Preterm 

Birth (weeks) 

Recurrence Rate 
of Spontaneous 
Preterm Birth 

  Pregnancy 
1 

Pregnancy 
2 

Manuck 
2011 (33) 

2002-
2010 

USA Cohort Inclusion: Prior sPTB, singleton 
Exclusion: History of iPTB or 
incompetent cervix 

<35 <37 131/223 (58.7%) 
<32 25/223 (11.2%) 

Markham 
2014 (34) 

1998-
2012 

USA Cohort Inclusion: Prior sPTB 
Exclusion: Multiple gestations, known 
uterine anomalies, 

<37 <37 459/1,066 (43.1%) 
<35 269/1,066 (25.2%) 
<32 139/1,066 (13.0%) 

Meis 2003 
(35) 

1999-
2002 

USA RCT Inclusion: Prior sPTB 
Exclusion: Multiple gestations, fetal 
anomaly, progesterone or heparin 
treatment during the current 
pregnancy, current or planned cervical 
cerclage, hypertension requiring 
medication, seizure disorder, or a plan 
to deliver elsewhere 

<37 <37 159/463 (34.3%) 

Mercer 
1999 (36) 

1992-
1994 

USA Cohort Inclusion: Singleton 
Exclusion: Placenta previa, major 
fetal malformations, cervical cerclage, 
polyhydramnios, oligohydramnios, 
cervical dilatation of ≥2 cm for 
nulliparous women and ≥3 cm for 
multiparous women. 

<37 <37 89/410 (21.7%) 
<35 55/410 (13.4%) 
<32 21/410 (5.1%) 
<30 12/410 (2.9%) 
<28 10/410 (2.4%) 

Owen 2001 
(37) 

1997-
1999 

USA 
 

 

Cohort Inclusion: Prior sPTB, singleton 
Exclusion: chronic medical or 
obstetrical problems, history of 

<32 <35 48/183 (26.2%) 
<32 35/183 (19.1%) 
<28 29/183 (15.8%) 

Page 27 of 40

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

 

Author Time 
Period 

Country Study 
Design 

Inclusion/Exclusion Criteria Gestational Age at 
Spontaneous Preterm 

Birth (weeks) 

Recurrence Rate 
of Spontaneous 
Preterm Birth 

  Pregnancy 
1 

Pregnancy 
2 

substance abuse, uterine anomalies, 
cerclage  

<24 20/183 (10.9%) 

Rittenberg 
2009 (38) 

1995-
2005 

USA Cohort Inclusion: Prior sPTB, singleton 
pregnancies, referred for weekly 17P 
administration  
Exclusion: Diagnosis of preterm 
labour, cerclage or vaginal bleeding at 
enrollment 

<37 <37 185/684 (27.0%) 
<35 78/684 (11.4%) 
<32 30/684 (4.4%) 

Turitz 2016 
(39) 

2009-
2013 

USA Cohort Inclusion: Prior sPTB  <37 <37 80/218 (36.7%) 

Vermeulen 
1999 (40) 

1994-
1996 

Netherla
nds 

RCT Inclusion: Prior sPTB  
Exclusion: Fetal anomaly, previous 
iPTB, known allergy to clindamycin 

<37 <37 41/168 (24.4%) 
<34 14/168 (8.3%) 

Vogel 2007 
(41) 

2000-
2001 

USA Cohort Inclusion: Prior sPTB 
Exclusion: Multiple gestations, 
ruptured membranes, cerclage in a 
previous pregnancy 

<30 <37 20/62 (32.3%) 
<35 15/62 (24.2%) 

Wallace 
2016 (42) 

1986-
2013 

UK Cohort  <37 <37 449/1,900 (23.6%) 

Yamashita 
2015 (43) 

2008-
2012 

Japan Cohort Inclusion: Prior sPTB  
Exclusion: First antenatal visit after 
14 weeks, previous iPTB, placenta 
previa, placental abruption, multiple 
gestation, fetal anomaly, antepartum 
fetal demise 

<37 <37 89/547 (16.3%) 
<34 28/547 (5.1%) 
<28 10/547 (1.8%) 
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Author Time 
Period 

Country Study 
Design 

Inclusion/Exclusion Criteria Gestational Age at 
Spontaneous Preterm 

Birth (weeks) 

Recurrence Rate 
of Spontaneous 
Preterm Birth 

  Pregnancy 
1 

Pregnancy 
2 

Yang 2016 
(44) 

2005-
2011 

USA Cohort  <37 <37 588/1,068 (55.1%) 
<32 71/1,068 (6.6%) 

<32 <32 43/177 (24.3%) 
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Table B2 – Occurrence of Indicated Preterm Birth Following Spontaneous Preterm Birth 
 

Author Time 
Period 

Country Study 
Design 

Inclusion/Exclusion Criteria Gestational Age at 
Preterm Birth (weeks) 

Occurrence Rate 
of Indicated 

Preterm Birth 
Following a Prior 

Spontaneous 
Preterm Birth 

  Pregnancy 
1 

Pregnancy 
2 

Ananth 
2006 (14) 

1989-
1997 

USA Cohort Inclusion: Prior sPTB 
Exclusion: Multiple gestation 
pregnancies 

<37 <37 342/12,670 
(2.70%) 

<35 121/12,670 
(0.96%) 

<32 40/12,670 (0.32%) 
<35 <35 121/4,463 (2.71%) 
<32 <32 40/2,022 (1.98%) 

Harper 2010 
(28) 

2005-
2006 

USA RCT Inclusion: Prior sPTB, singleton 
Exclusion: Major fetal anomaly, 
intake of a fish oil supplement 
>500mg/week at any time during the 
preceding month, allergy to fish, 
anticoagulation therapy, 
hypertension, White's classification 
D or higher diabetes, drug or alcohol 
abuse, seizure disorder, uncontrolled 
thyroid disease, clotting disorder, 
current or planned cerclage, or a plan 
to deliver either elsewhere or before 
37 weeks of gestation 

<37 <37 46/852 (5.63%) 

Laughon 
2014 (31) 

2002-
2010 

USA Cohort Inclusion: Singleton pregnancies <37 <37 17/3,139 (0.54%) 

Page 30 of 40

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

 

Author Time 
Period 

Country Study 
Design 

Inclusion/Exclusion Criteria Gestational Age at 
Preterm Birth (weeks) 

Occurrence Rate 
of Indicated 

Preterm Birth 
Following a Prior 

Spontaneous 
Preterm Birth 

  Pregnancy 
1 

Pregnancy 
2 

Meis 2003 
(35) 

1999-
2002 

USA RCT Inclusion: Prior sPTB 
Exclusion: Multiple gestations, fetal 
anomaly, progesterone or heparin 
treatment during the current 
pregnancy, current or planned 
cervical cerclage, hypertension 
requiring medication, seizure 
disorder, or a plan to deliver 
elsewhere 

<37 <37 36/463 (7.78%) 

Owen 2001 
(37) 

1997-
1999 

USA 
 

 

Cohort Inclusion: Prior sPTB, singleton 
Exclusion: chronic medical or 
obstetrical problems, history of 
substance abuse, uterine anomalies, 
cerclage  

<32 <35 5/183 (2.73%) 

Rittenberg 
2009 (38) 

1995-
2005 

USA Cohort Inclusion: Prior sPTB, singleton 
pregnancies, referred for weekly 17P 
administration  
Exclusion: Diagnosis of preterm 
labour, cerclage or vaginal bleeding 
at enrollment 

<37 <37 84/684 (12.28%) 
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Author Time 
Period 

Country Study 
Design 

Inclusion/Exclusion Criteria Gestational Age at 
Preterm Birth (weeks) 

Occurrence Rate 
of Indicated 

Preterm Birth 
Following a Prior 

Spontaneous 
Preterm Birth 

  Pregnancy 
1 

Pregnancy 
2 

Yamashita 
2015 (43) 

2008-
2012 

Japan Cohort Inclusion: Prior sPTB  
Exclusion: First antenatal visit after 
14 weeks, previous iPTB, placenta 
previa, placental abruption, multiple 
gestation, fetal anomaly, antepartum 
fetal demise 

<37 <37 23/547 (4.20%) 
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Appendix C: Quality Assessment 
 
Table C1 – Quality Scores for Included Cohort Studies 

Cohort Studies (Newcastle Ottawa Scale (12)) 
Author Representatives 

of the exposed 
cohort 
(0, 1) 

Selection 
of the 
non-
exposed 
cohort 
(0, 1) 

Ascertainment 
of exposure 
(0, 1) 

Demonstration 
that outcome 
of interest was 
not present at 
start of study 
(0, 1) 

Comparability 
of cohorts on 
the basis of 
design or 
analysis 
(0, 1) 

Assessment 
of outcome 
(0, 1) 

Was 
follow-
up long 
enough 
for 
outcomes 
to occur 
(0, 1) 

Adequacy of 
follow-up of 
cohorts 
(0, 1) 

Ananth 
2006 (14) 
Score: 4/6 

1 N/A 0 1 N/A 0 1 1 

Asrat 1991 
(15) 
Score: 5/6 

0 N/A 1 1 N/A 1 1 1 

Care 2014 
(16) 
Score: 5/6 

0 N/A  1 1 N/A 1 1 1 

Carr-Hill 
1985 (17) 
Score: 4/6 

1 N/A 0 1 N/A 0 1 1 

Coleman 
2012 (18) 
Score: 5/6 

0 N/A 1 1 N/A 1 1 1 

Crane 2008 
(19) 
Score: 5/6 

0 N/A 1 1 N/A 1 1 1 
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Cohort Studies (Newcastle Ottawa Scale (12)) 
Author Representatives 

of the exposed 
cohort 
(0, 1) 

Selection 
of the 
non-
exposed 
cohort 
(0, 1) 

Ascertainment 
of exposure 
(0, 1) 

Demonstration 
that outcome 
of interest was 
not present at 
start of study 
(0, 1) 

Comparability 
of cohorts on 
the basis of 
design or 
analysis 
(0, 1) 

Assessment 
of outcome 
(0, 1) 

Was 
follow-
up long 
enough 
for 
outcomes 
to occur 
(0, 1) 

Adequacy of 
follow-up of 
cohorts 
(0, 1) 

Drassinower 
2015 (20) 
Score: 5/6 

0 N/A 1 1 N/A 1 1 1 

Ekwo 1998 
(21) 
Score: 5/6 

0 N/A 1 1 N/A 1 1 1 

Esplin 2008 
(23) 
Score: 4/6 

1 N/A 0 1 N/A 0 1 1 

Getahun 
2010 (24) 
*PPROM 
only 
Score: 4/6 

1 N/A  0 1 N/A 0 1 1 

Goldenberg 
2006 (26) 
Score: 5/6 

0 N/A 1 1 N/A 1 1 1 

Gonzalez-
Quintero 
2011 (27) 
Score: 5/6 

0 N/A 1 1 N/A 1 1 1 
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Cohort Studies (Newcastle Ottawa Scale (12)) 
Author Representatives 

of the exposed 
cohort 
(0, 1) 

Selection 
of the 
non-
exposed 
cohort 
(0, 1) 

Ascertainment 
of exposure 
(0, 1) 

Demonstration 
that outcome 
of interest was 
not present at 
start of study 
(0, 1) 

Comparability 
of cohorts on 
the basis of 
design or 
analysis 
(0, 1) 

Assessment 
of outcome 
(0, 1) 

Was 
follow-
up long 
enough 
for 
outcomes 
to occur 
(0, 1) 

Adequacy of 
follow-up of 
cohorts 
(0, 1) 

Himes 2008 
(29) 
Score: 5/6 

0 N/A 1 1 N/A 1 1 1 

Hsieh 2005 
(30) 
Score: 5/6 

0 N/A 1 1 N/A 1 1 1 

Laughon 
2014 (31) 
Score: 4/6 

1 N/A 0 1 N/A 0 1 1 

Lykke 2009 
(32) 
Score: 4/6 

1 N/A  0 1 N/A 0 1 1 

Manuck 
2011 (33) 
Score: 5/6 

0 N/A 1 1 N/A 1 1 1 

Markham 
2014 (34) 
Score: 5/6 

0 N/A 1 1 N/A 1 1 1 

Mercer 
1999 (36) 
Score: 5/6 

0 N/A 1 1 N/A 1 1 1 
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Cohort Studies (Newcastle Ottawa Scale (12)) 
Author Representatives 

of the exposed 
cohort 
(0, 1) 

Selection 
of the 
non-
exposed 
cohort 
(0, 1) 

Ascertainment 
of exposure 
(0, 1) 

Demonstration 
that outcome 
of interest was 
not present at 
start of study 
(0, 1) 

Comparability 
of cohorts on 
the basis of 
design or 
analysis 
(0, 1) 

Assessment 
of outcome 
(0, 1) 

Was 
follow-
up long 
enough 
for 
outcomes 
to occur 
(0, 1) 

Adequacy of 
follow-up of 
cohorts 
(0, 1) 

Owen 2001 
(37) 
Score: 5/6 

0 N/A 1 1 N/A 1 1 1 

Rittenberg 
2009 (38) 
Score: 5/6 

0 N/A 1 1 N/A 1 1 1 

Turitz 2016 
(39) 
Score: 5/6 

0 N/A 1 1 N/A 1 1 1 

Vogel 2007 
(41) 
Score: 5/6 

0 N/A 1 1 N/A 1 1 1 

Wallace 
2016 (42) 
Score: 4/6 

1 N/A 0 1 N/A 0 1 1 

Yamashita 
2015 (43) 
Score: 5/6 

0 N/A 1 1 N/A 1 1 1 

Yang 2016 
(44) 
Score: 4/6 

1 N/A 0 1 N/A 0 1 1 
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Table C2 – Quality Scores of Included Randomized Controlled Trials 
Randomized Controlled Trials (Jadad Scale (13)) 

Author Randomization (0, 1, 2) Blinding (0, 1, 2) An account of all patients (0, 1) 
Elimian 2016 (22) 
Score: 2/5 

2 0 0 

Glover 2011 (25) 
Score: 4/5 

1 2 1 

Harper 2010 (28) 
Score: 5/5 

2 2 1 

Meis 2003 (35) 
Score: 5/5 

2 2 1 

Vermeulen 1999 (40) 
Score: 4/5 

2 2 0 
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Abstract 
Objective: To determine the risk of recurrent spontaneous preterm birth following spontaneous 

preterm birth in singleton pregnancies. 

Design: Systematic review and meta-analysis using random effects models. 

Data Sources: An electronic literature search was conducted in OVID Medline (1948-2017), 

Embase (1980-2017), and ClinicalTrials.gov (completed studies effective 2017), supplemented 

by hand-searching bibliographies of included studies, to find all studies with original data 

concerning recurrent spontaneous preterm birth. 

Study Eligibility Criteria: Studies had to include women with at least one spontaneous preterm 

singleton live birth (<37 weeks) and at least one subsequent pregnancy resulting in a singleton 

live birth. The Newcastle-Ottawa Scale and Jadad Scale were used to assess the study quality of 

cohort studies and randomized controlled trials respectively.  

Results:  Overall, 32 articles involving 55,197 women, met all inclusion criteria. Generally 

studies were well conducted and had a low risk of bias. The absolute risk of recurrent 

spontaneous preterm birth at <37 weeks gestation was 30.0% (95% CI: 27.0-34.0%). The risk of 

recurrence due to preterm premature rupture of membranes (PPROM) at <37 weeks gestation 

was 7.0% (95% CI: 6.0-9.0%), while the risk of recurrence due to preterm labor at <37 weeks 

gestation was 23.0% (95% CI: 13.0-33.0%).  

Conclusions: The risk of recurrent spontaneous preterm birth is high and is influenced by the 

underlying clinical pathway leading to the birth. This information is important for clinicians 

when discussing the recurrence risk of spontaneous preterm birth with their patients.  

Key Words: preterm birth, preterm labor, preterm premature rupture of membranes, recurrence, 

systematic review 

Article Summary – Strengths and Limitations of This Study: 
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• Study strengths include the comprehensive search strategy with no language 

restrictions used in the nature of the systematic review. 

• Limitations primarily relate to the underlying data that was available on this topic. 

Most of the included studies were observational in nature. Additionally, many 

primary studies examining the recurrence risk of preterm birth had to be excluded 

as they did not clearly differentiate between spontaneous and indicated preterm 

delivery. There was a high degree of heterogeneity in the studies included in the 

meta-analysis. 
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Introduction 
Preterm birth (PTB) is defined as any live birth occurring before 37 completed weeks of 

gestation; this can be subdivided into extremely preterm (<28 weeks), very preterm (28-<32 

weeks), moderately preterm (32-<34 weeks) and late preterm (34-<37 weeks) birth based on the 

gestational age at delivery (1). This sub-categorization is important as gestational age is inversely 

associated with increased mortality, morbidity and the intensity of neonatal care required at birth 

(2). Worldwide, 11.1% of infants are born preterm every year (2). Preterm birth is the leading 

cause of perinatal morbidity and mortality, and second most common cause of death, after 

pneumonia, in children under five years of age (3, 4).  

Indicated preterm births (iPTB) are those induced for medical reasons, such a pre-

eclampsia, intrauterine growth restriction, or fetal distress. However, approximately 70% of PTB 

occur spontaneously (sPTB) (5). The clinical pathways that lead to sPTB typically include 

preterm labor (PTL) and preterm premature rupture of membranes (PPROM), although these 

occur on a spectrum and may co-occur in the same clinical setting. PTL is defined as regular 

contractions and cervical changes at less than 37 weeks gestation, and PPROM is defined as 

spontaneous rupture of membranes at least one hour before contractions at less than 37 weeks 

gestation (5). Known risk factors for spontaneous preterm birth include a previous preterm birth, 

black race, low maternal body-mass index, comorbidities, a short cervical length and a raised 

fetal fibronectin concentration (5, 6). Despite knowing these risk factors, our understanding of 

the etiology behind sPTB is poor and sPTB is considered to be multifactorial in nature (6, 7).  

Although sPTB has a tendency to recur, little is known about the recurrence risk (7). This 

is of concern because sPTB is a leading cause of neonatal morbidity and mortality, and it also 

has a large economic burden (8). Further, women who have had a previous sPTB are likely to be 

anxious during their subsequent pregnancies, which itself can lead to sPTB and other adverse 
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pregnancy outcomes (9-11). Therefore, we conducted a systematic review and meta-analysis to 

investigate the absolute risk of recurrent sPTB following sPTB in singleton pregnancies. By 

better understanding the recurrence risk of sPTB, healthcare workers may be better equipped to 

manage patient needs and anxieties, as well as develop and apply preventative treatments.  

 

Methods 
Two study authors (ZV and CH) executed a comprehensive literature search of Medline (from 

1946 to 2015) and Embase (from 1980 to 2015) to identify publications that contained key terms 

related to recurrent sPTB in June 2015. The search was updated in July 2016, and expanded to 

included completed studies identified through ClinicalTrials.gov. The search was further updated 

in May 2017.  PPROM, PTL and related terms were included in the search. For the full search 

strategy, please refer to Appendix A. Titles and abstracts of these articles were screened for 

relevance to determine which articles were to undergo full-text review. Two independent 

reviewers (ZV and CP) jointly assessed the final eligibility of the full-text reviewed articles. We 

resolved disagreements in full-text eligibility or data abstraction by involvement of a third party 

(AM). The bibliographies of included studies were reviewed to identify additional publications 

not found through the database search. A complete summary of the search strategy can be found 

in Figure 1.  No patients were directly involved in this study. As this study only used published 

data, it was exempt from Institutional Review Board approval. 

All studies with original data concerning recurrent sPTB and N≥20 were considered for 

inclusion. No language restrictions were used. Conference abstracts were not considered. To be 

included, studies had to include women with at least one spontaneous preterm live birth (delivery 

<37 weeks of gestation) in their obstetric history and at least one subsequent pregnancy resulting 

in a live birth. Only studies looking at singleton pregnancies were included. Animal studies, 
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studies that only included iPTB, studies that combined iPTB and sPTB, and studies on PPROM 

or PTL where it was not clear if it resulted in sPTB were excluded.  In the case of duplicate data, 

the study with the largest sample size was included. 

The data extraction was completed independently by ZV and CP using a standardized 

data extraction form. Data was reviewed by AM prior to analysis to ensure completeness. 

Information on the authors, title, publication year, data year, location of study, study design, 

definitions of preterm birth, and inclusion and exclusion criteria were all extracted. In addition, 

information was extracted on the number of women with spontaneous preterm birth in their 

initial pregnancy, whether due to PPROM or PTL, number of women with term births in 

subsequent pregnancies, and number of women with preterm births in subsequent pregnancies, 

whether due to PPROM, PTL or indicated causes. For studies that reported on total reproductive 

history, only data on the first 2 consecutive pregnancies were extracted.  The Newcastle-Ottawa 

Scale (12) and the Jadad Scale (13) were used to assess study quality of cohort studies and 

randomized controlled trials respectively. Given the observational nature of this review, the 

quality of randomized controlled trials was additionally assessed using the criteria found in the 

Newcastle-Ottawa Scale. 

The primary outcome measured was the recurrence rate of sPTB at <37 weeks gestation. 

Secondary outcomes were recurrence rate of sPTB due to PPROM at <37 weeks (following 

sPTB due to PPROM in the index pregnancy), recurrence rate of sPTB due to PTL at <37 weeks 

(following sPTB due to PTL in the index pregnancy), the recurrence of sPTB by gestational age, 

and occurrence of iPTB at <37 weeks after a previous sPTB. 

For our analysis, we reported the pooled risk of recurrent preterm birth and 

accompanying 95% confidence interval (CIs) for sPTB <37 weeks gestation, by iPTB, by 
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gestational age overall, and for PPROM and PTL. Stratified analysis was used to examine the 

recurrence rate of sPTB <37 weeks gestation by study design and quality. An a priori decision 

was made to use a random-effects model for all models in anticipation of clinical heterogeneity 

between studies. The metaprop command in Stata was used to conduct the analysis and exact 

confidence intervals were reported (14). Forest plots were used to graphically represent the data. 

Heterogeneity between studies was assessed using I
2
, the Cochrane Q statistic, and 

accompanying p-values.  All analyses were conducted using Stata SE Version 14 (College 

Station, Texas). 

 

Results 
The search returned 11,775 articles, of which 118 met criteria for full-text review (Figure 1). 

Overall 32 articles met all of the inclusion criteria and were included in the review (15-46). A 

summary of all of the studies’ data can be found in Appendix B (recurrence risk of sPTB is 

located in Table B1 and occurrence risk of iPTB following sPTB is located in Table B2). The 

included studies were almost entirely cohort studies, with only five randomized controlled trials 

(23, 27, 29, 36, 41). The sample sizes in the studies ranged from 33 to 17,334 women and the 

rate of recurrent sPTB at <37 weeks gestation ranged from 15.4% to 85.5%. Many of the studies 

had different definitions of sPTB and therefore they could not be combined for meta-analysis. 

There were only a sufficient number of studies that defined preterm birth as occurring prior to 37 

weeks in both the index and subsequent pregnancy to create pooled estimates.  

The overall risk of recurrent sPTB at <37 weeks gestation (n=25 studies, 52,070 women) 

was 30.0% (95% CI: 27.0-34.0%) with a significant Q (P=0.00) and I
2 

of 98.6%, indicating 

between-study heterogeneity (Figure 2).  The recurrence rate did not significantly differ between 

randomized controlled trials (34.0%, 95% CI: 29.0-38.0%; n=5 studies, 1,661 women) and 
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cohort studies (29.0%, 95% CI: 26.0-33.0%, n=20 studies, 50,409 women). The risk of iPTB at 

<37 weeks gestation after a previous spontaneous preterm birth (n=6 studies, 18,355 women) 

was 5.0% (95% CI: 3.0-7.0%) with an I
2
 of 98.0%.  

Few studies looked specifically at the recurrence of PPROM and PTL resulting in sPTB 

in singleton pregnancies following prior PPROM or PTL respectively. However, the identified 

risk of recurrent PPROM at <37 weeks gestation (n=4 studies, 3,138 women) was 7.0% (95% 

CI: 6.0-9.0%) with an I
2
 of 51.0% and the risk of recurrent PTL at <37 weeks gestation (n=3 

studies, 2,852 women) was 23.0% (95% CI: 13.0-33.0%) with an I
2
 of 97.3% (Figure 3).  

The majority of the studies were of high quality (Appendix C – cohort studies are located 

in Table C1 and randomized controlled trials in Tables C2 and C3). As this study exclusively 

examined the recurrence risk of spontaneous preterm birth, two elements of the Newcastle 

Ottawa Scale relating to the selection of the unexposed cohort and the comparability of the 

exposed and unexposed cohorts were unable to be assessed. Cohort studies typically traded off 

between being generalizable to the broader patient population not seen in a tertiary center or 

having detailed clinical data available. All cohort studies had a quality score of 4 or 5 out of a 

possible 6 points. No statistically significant differences in the recurrence rate of sPTB prior to 

37 weeks was observed based on quality score in cohort studies (Score 4: 27.0%, 95% CI: 21.0-

32.0%; Score 5: 31.0%, 95% CI: 26.0-36.0%). All but one randomized controlled trial was 

deemed to be high quality (Jahad score ≥4/5) (23). This low-quality trial did report a higher 

recurrence risk (41.0%, 95% CI: 33.0-49.0) than the pooled estimated generated from high 

quality trials (32.0%, 95% CI: 28.0-37.0); however, as evidenced by the overlapping confidence 

intervals, these estimates are not statistically different. 
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Discussion 

This meta-analysis provides an overview of the overall risk of recurrent spontaneous preterm 

birth. We found that the absolute risk of recurrent sPTB at less than 37 weeks gestation in 

pregnancies was 30%; this estimate was consistent across study designs and study quality. 

Interestingly, the risk of recurrent PTL was found to be 23%, similar to the overall risk of 

recurrent sPTB. Conversely, if a woman has a sPTB due to PPROM, she is less likely to have 

recurrent PPROM leading to sPTB, with a risk of only 7%. Thus the clinical pathway that leads 

to sPTB appears to influence the risk of recurrence.  

In a 2014 systematic review by Kazemier et al., they found that the risk of recurrence of 

preterm birth is influenced by the singleton/twin order in both pregnancies. When they looked at 

spontaneous preterm singleton births after a previous singleton pregnancy, they found that the 

risk of recurrence of sPTB was 20.2% (47). In contrast to ours, their search strategy was 

exceedingly complex and included only cohort studies. Ultimately after abstract review they 

were left with only six studies that looked at singleton-singleton pregnancies, which could 

explain the difference in our recurrence risk. Further, our study is novel as we differentiated risk 

by clinical pathway leading to sPTB, whether PTL or PPROM. Ultimately, we found that while 

all sPTB tends to recur, the clinical pathway of the first sPTB is important in determining that 

recurrence risk. Previous studies tend to combine these underlying pathways together, but our 

results suggest that perhaps they should not be pooled.  Some studies also suggest that children 

born following PPROM have increased mortality (48-50) and worse health outcomes (51) 

compared to children born after PTL, which further supports the premise that these should be 

looked at as separate clinical conditions. 

However, new evidence suggests that PTB and the underlying pathologies that lead to 

PTB are not mutually exclusive, thus spontaneous and indicated PTB should perhaps not be 
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considered completely separate phenomena. Basso and Wilcox estimated that mortality due to 

immaturity itself was about 51%, whereas underlying pathologies that led to PTB accounted for 

approximately half of mortality (52). Similarly, in a recent study by Brown et al., the authors 

found that gestational age is on the causal path between biological determinants of preterm birth 

and neonatal outcomes (53). Infants who were exposed to both pathological intrauterine 

conditions and early delivery had increased risk for poor neonatal outcomes. As such a 

pathological intrauterine environment, for instance, one characterized by infection, placental 

ischemia and other biological determinants, acts through early delivery to produce poor 

outcomes. Ananth et al. found that women with a sPTB were not only likely to experience 

recurrent sPTB, but they were also associated with increased risks of having a medically 

indicated PTB, and vice versa (7). Prevention of preterm mortality requires more than the 

resolution of PTB, but must also address the underlying etiologies.  

Strengths of our systematic review and meta-analysis include our broad search strategy 

with no language restrictions, which resulted in a large sample size of pooled data. Limitations 

include the fact that most of the studies were observational cohort studies and thus prone to bias, 

and there was significant between-study heterogeneity. This is important as many women 

included in this body of literature would have been offered some form of therapy to reduce their 

risks of recurrent preterm birth. In a similar vein, we also included participants from both the 

treated and control arms of the included randomized controlled trials. With the exception of the 

trial lead by Meis et al, which found a statistically significant reduction in the incidence of sPTB 

in women treated with progesterone (RR=0.66, 95% CI: 0.54-0.81) (36), the other trials had null 

findings. Strategies to prevent preterm birth are varied and evidence of their effectiveness are 

mixed (54). Effective strategies to prevent preterm birth can be implemented at the individual 
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level (i.e. progesterone supplementation, cervical cerclage, smoking cessation), the 

clinic/hospital level (i.e. hard-stop policies to prevent non-medically indicated late preterm and 

early term birth, preterm birth prevention clinics) and the societal level (i.e. smoke-free 

legislation to reduce environmental tobacco smoke, legislation regarding single-embryo transfer 

during in vitro fertilization) (54). As documentation of specific treatment strategies was not 

consistently reported in this body of literature, we were not able to synthesize these results 

according to specific types of treatment. While both small and large studies were identified and 

included, publication bias cannot be entirely ruled out. While the decision to only include studies 

with a minimum sample size of 20 was used to exclude case studies of rare cases that may not be 

generalizable, this may have inadvertently resulted in the exclusion of some small case series. 

Additionally, we only searched 3 independent sources and reviewed the bibliographies of 

included articles, thus articles in journals that were not indexed in either Medline or Embase or 

studies that were not registered on clinicialtrials.gov or were not cited by articles that were 

ultimately included in this review would not have been identified. We anticipate that the impact 

of this would be minimal as a study examining the effectiveness of different databases to identify 

studies related to maternal morbidity and mortality concluded that Medline and Embase has the 

highest yield in identifying unique studies, and that over 60% of all studies were identified by 

multiple sources (55).  Although we were able to identify a large number of studies, many of 

them used different definitions for preterm birth and most did not identify the clinical pathway to 

PTB; as a consequence, these data could not be pooled and not all of the existing evidence could 

be summarized in this review.   

In conclusion, our study reaffirmed that a previous spontaneous preterm birth is a 

significant risk factor for recurrence in subsequent pregnancies, placing that risk at 30%. 
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However, substantial heterogeneity in underlying studies speaks to the need for common 

definitions and further work in this area. Additionally, the absolute risk of recurrence appears to 

be substantially higher if the underlying etiology is PTL as opposed to PPROM.  Clinically, this 

information will help with risk stratification and patient counseling. Interventions to prevent PTB 

need to be focused and designed for specific clinical conditions. Further studies need to be done 

that look at the efficacy of preventative treatments in the prevention of PTL and PPROM. 

Knowledge of the etiology of previous sPTB may help identify women at increased risk of sPTB 

for participation in future clinical trials.  
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Figure 1: Flow diagram of included studies 

 

Figure 2. Forest plot of the rate of recurrent spontaneous preterm birth at <37 weeks gestation 

 

Figure 3. Forest plots of the rate of (a) recurrent PPROM and (b) recurrent PTL at <37 weeks 

gestation 
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1 
 

Appendix A. Search Strategy 
 
 
Search Strategy: 

1. Premature Birth 
2. ((preterm or pre-term or premature or pre-mature) and (birth* or childbirth* or deliver* 

or parturit*)) 
3. Fetal Membranes, Premature Rupture 
4. pprom 
5. Obstetric Labor, Premature 
6. ((preterm or pre-term or premature or pre-mature) and (labor or labour)) 
7. Recurrence 
8. recur* or repeat 
9. (1 or 2 or 3 or 4 or 5 or 6) and (7 or 8) 

 
 
Initial Search Run on June 17, 2015 
Updated Search Run on July 29, 2016 
Updated Search Run on May 24, 2017 
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Appendix B. Included studies 
 
Table B1 – Recurrence rate of spontaneous preterm birth 

Author Time 
Period 

Country Study 
Design 

Inclusion/Exclusion Criteria Gestational Age at 
Spontaneous Preterm 

Birth (weeks) 

Recurrence Rate 
of Spontaneous 
Preterm Birth 

  Pregnancy 
1 

Pregnancy 
2 

Ananth 
2006 (15) 

1989-
1997 

USA Cohort Inclusion: Prior sPTB 
Exclusion: Multiple gestation 
pregnancies 

<37 <37 2,626/12,670 
(20.7%) 

<35 698/12,670 (5.5%) 
<32 164/12,670 (1.3%) 

<35 <35 698/4,463 (15.6%) 
<32 <32 164/2,022 (8.1%) 

Asrat 1991 
(16) 

 USA Cohort Inclusion: Prior PPROM 
Exclusion: Incompetent cervix, 
uterine anomalies, diethelstilbestrol 
exposure, multiple gestations, and 
neonates with congenital anomalies 

<36 <36 39/121 (32.2%) 

Care 2014 
(17) 

2010-
2012 

UK Cohort Inclusion: Prior sPTB or PROM; 
cervical length >25mm at 20-24 
weeks 
Exclusion: Prior cervical surgery, 
non-viable pregnancy, history of 
iPTB, cerclage, uterine anomalies, 
Ehlers-Danlos syndrome, intrauterine 
death, twins, congenital abnormalities 

<34 <37 53/196 (27.0%) 
 
 

 
<34 32/196 (16.3%) 

Carr-Hill 
1985 (18) 

unspeci
fied 

UK Cohort Inclusion: Prior sPTB, singleton 
Exclusion: Multiple gestation, 
stillbirth, induced labor 

<37 <37 76/494 (15.4%) 
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Author Time 
Period 

Country Study 
Design 

Inclusion/Exclusion Criteria Gestational Age at 
Spontaneous Preterm 

Birth (weeks) 

Recurrence Rate 
of Spontaneous 
Preterm Birth 

  Pregnancy 
1 

Pregnancy 
2 

Coleman 
2012 (19) 

2007-
2010 

USA Cohort Inclusion: Prior sPTB, received 17P 
injections 
Exclusion: Non-compliance with 17P 
injections 

<37 <37 426/1,183 (36.0%) 
<35 156/1,183 (13.2%) 
<32 61/1,183 (5.2%) 

Crane 2008 
(20) 

2000-
2006 

Canada Cohort Inclusion: Prior sPTB 
Exclusion: Cervical cerclage  

<37 <37 21/90 (23.3%) 
<35 11/90 (12.2%)  
<34 8/90 (8.9%) 

Drassinower 
2015 (21) 

2009-
2014 

USA Cohort Inclusion: Prior sPTB, singleton 
Exclusion: Multiple gestations, major 
fetal anomalies, cerclage, history of 
iPTB or placental abruption 

<37 <37 178/522 (34.1%) 
<34 78/522 (14.9%) 
<28 34/522 (6.5%) 

Ekwo 1998 
(22) 

1988-
1993 

USA Cohort Inclusion: Prior sPTB Exclusion: 
Fetal loss, multiple gestation 

<37 <37 56/108 (51.9%) 

Elimian 
2016 (23) 

2007-
2010 

USA RCT Inclusion: Prior sPTB 
Exclusion: Multiple gestation, major 
fetal anomaly or chromosomal 
anomalies, prior progesterone use in 
the current pregnancy, use of heparin 
in the current pregnancy, uterine 
anomaly, maternal medical 
conditions, no ultrasound before 20+6 
in the current pregnancy 

<37 <37 59/145 (40.7%) 
<34 27/145 (18.6%) 
<28 15/145 (10.3%) 

Esplin 2008 
(24) 

1989-
2001 

USA Cohort Inclusion: First live birth in Utah and 
a subsequent live birth in the study 
period 

<37 <37 1663/6,199 
(26.8%) 

<34 <37 587/1,669 (35.2%) 
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Author Time 
Period 

Country Study 
Design 

Inclusion/Exclusion Criteria Gestational Age at 
Spontaneous Preterm 

Birth (weeks) 

Recurrence Rate 
of Spontaneous 
Preterm Birth 

  Pregnancy 
1 

Pregnancy 
2 

<34 299/1,669 (17.9%) 
Getahun 
2010 (25) 
*PPROM 
only 

1989-
1997 

USA Cohort Inclusion: Prior PPROM 
Exclusion: Multiple gestations, births 
<20 weeks, non White or Black race, 
>1 pregnancy before 1989 

<37 <37 157/2,259 (6.9%) 
<34 <34 97/1,071 (9.1%) 
<32 <32 67/697 (9.6%) 
<28 <28 22/323 (6.8%) 

Glover 2011 
(26) 

2006-
2009 

USA RCT Inclusion: Prior sPTB, initiated 
prenatal care prior to 20 weeks 
gestation 
Exclusion: Multiple gestations, major 
fetal anomaly 

<37 <37 13/33 (39.4%) 

Goldenberg 
2006 (27) 

1996-
2001 

USA Cohort Inclusion: Prior sPTB <32 <37 71/83 (85.5%) 

Gonzalez-
Quintero 
2011 (28) 

2006-
2009 

USA Cohort Inclusion: Prior sPTB, singleton  
Exclusion: iPTB, >1 prior PTB, 
cerclage in current pregnancy 

<37 <37 597/2,123 (28.1%) 
<35 274/2,123 (12.9%) 
<32 113/2,123 (5.3%) 
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Author Time 
Period 

Country Study 
Design 

Inclusion/Exclusion Criteria Gestational Age at 
Spontaneous Preterm 

Birth (weeks) 

Recurrence Rate 
of Spontaneous 
Preterm Birth 

  Pregnancy 
1 

Pregnancy 
2 

Harper 2010 
(29) 

2005-
2006 

USA RCT Inclusion: Prior sPTB, singleton 
Exclusion: Major fetal anomaly, 
intake of a fish oil supplement 
>500mg/week at any time during the 
preceding month, allergy to fish, 
anticoagulation therapy, hypertension, 
White's classification D or higher 
diabetes, drug or alcohol abuse, 
seizure disorder, uncontrolled thyroid 
disease, clotting disorder, current or 
planned cerclage, or a plan to deliver 
either elsewhere or before 37 weeks of 
gestation 

<37 <37 292/852 (34.3%) 

Himes 2008 
(30) 

2001-
2006 

USA Cohort Inclusion: Prior sPTB placenta 
pathology information available 

<37 <37 102/245 (41.6%) 

Hsieh 2005 
(31) 

1991-
1997 

Taiwan Cohort Exclusion: Multiple gestation, fetal 
anomaly, cervical incompetence, 
stillbirth, iPTB 

<37 <37 52/228 (22.8%) 

Laughon 
2014 (32) 

2002-
2010 

USA Cohort Inclusion: Singleton pregnancies <37 <37 921/3,139 (29.3%) 

Lykke 2009 
(33) 

1978-
2007 

Denmark Cohort Inclusion: Maternal age between 15-
50 
Exclusion: Women with 
cardiovascular disease, type 1 or 2 
diabetes, women who emigrated 
within 3 months of 2nd delivery 

<37 <37 2742/17,334 
(15.8%) 

<33 444/1,734 (25.6%) 
<28 139/535 (26.0%) 
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Author Time 
Period 

Country Study 
Design 

Inclusion/Exclusion Criteria Gestational Age at 
Spontaneous Preterm 

Birth (weeks) 

Recurrence Rate 
of Spontaneous 
Preterm Birth 

  Pregnancy 
1 

Pregnancy 
2 

Manuck 
2011 (34) 

2002-
2010 

USA Cohort Inclusion: Prior sPTB, singleton 
Exclusion: History of iPTB or 
incompetent cervix 

<35 <37 131/223 (58.7%) 
<32 25/223 (11.2%) 

Markham 
2014 (35) 

1998-
2012 

USA Cohort Inclusion: Prior sPTB 
Exclusion: Multiple gestations, known 
uterine anomalies, 

<37 <37 459/1,066 (43.1%) 
<35 269/1,066 (25.2%) 
<32 139/1,066 (13.0%) 

Meis 2003 
(36) 

1999-
2002 

USA RCT Inclusion: Prior sPTB 
Exclusion: Multiple gestations, fetal 
anomaly, progesterone or heparin 
treatment during the current 
pregnancy, current or planned cervical 
cerclage, hypertension requiring 
medication, seizure disorder, or a plan 
to deliver elsewhere 

<37 <37 159/463 (34.3%) 

Mercer 
1999 (37) 

1992-
1994 

USA Cohort Inclusion: Singleton 
Exclusion: Placenta previa, major 
fetal malformations, cervical cerclage, 
polyhydramnios, oligohydramnios, 
cervical dilatation of ≥2 cm for 
nulliparous women and ≥3 cm for 
multiparous women. 

<37 <37 89/410 (21.7%) 
<35 55/410 (13.4%) 
<32 21/410 (5.1%) 
<30 12/410 (2.9%) 
<28 10/410 (2.4%) 

Owen 2001 
(38) 

1997-
1999 

USA 
 

 

Cohort Inclusion: Prior sPTB, singleton 
Exclusion: chronic medical or 
obstetrical problems, history of 

<32 <35 48/183 (26.2%) 
<32 35/183 (19.1%) 
<28 29/183 (15.8%) 
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Author Time 
Period 

Country Study 
Design 

Inclusion/Exclusion Criteria Gestational Age at 
Spontaneous Preterm 

Birth (weeks) 

Recurrence Rate 
of Spontaneous 
Preterm Birth 

  Pregnancy 
1 

Pregnancy 
2 

substance abuse, uterine anomalies, 
cerclage  

<24 20/183 (10.9%) 

Rittenberg 
2009 (39) 

1995-
2005 

USA Cohort Inclusion: Prior sPTB, singleton 
pregnancies, referred for weekly 17P 
administration  
Exclusion: Diagnosis of preterm 
labour, cerclage or vaginal bleeding at 
enrollment 

<37 <37 185/684 (27.0%) 
<35 78/684 (11.4%) 
<32 30/684 (4.4%) 

Turitz 2016 
(40) 

2009-
2013 

USA Cohort Inclusion: Prior sPTB  <37 <37 80/218 (36.7%) 

Uquillas 
2017 (46) 

2005-
2011 

USA Cohort Inclusion: Prior sPTB 
Exclusion: Current cerclage, prior 
iPTB 

<37 <37 43/181 (23.7%) 
<32 6/181 (3.3%) 

Vermeulen 
1999 (41) 

1994-
1996 

Netherla
nds 

RCT Inclusion: Prior sPTB  
Exclusion: Fetal anomaly, previous 
iPTB, known allergy to clindamycin 

<37 <37 41/168 (24.4%) 
<34 14/168 (8.3%) 

Vogel 2007 
(42) 

2000-
2001 

USA Cohort Inclusion: Prior sPTB 
Exclusion: Multiple gestations, 
ruptured membranes, cerclage in a 
previous pregnancy 

<30 <37 20/62 (32.3%) 
<35 15/62 (24.2%) 

Wallace 
2016 (43) 

1986-
2013 

UK Cohort  <37 <37 449/1,900 (23.6%) 

Yamashita 
2015 (44) 

2008-
2012 

Japan Cohort Inclusion: Prior sPTB  
Exclusion: First antenatal visit after 

<37 <37 89/547 (16.3%) 
<34 28/547 (5.1%) 
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Author Time 
Period 

Country Study 
Design 

Inclusion/Exclusion Criteria Gestational Age at 
Spontaneous Preterm 

Birth (weeks) 

Recurrence Rate 
of Spontaneous 
Preterm Birth 

  Pregnancy 
1 

Pregnancy 
2 

14 weeks, previous iPTB, placenta 
previa, placental abruption, multiple 
gestation, fetal anomaly, antepartum 
fetal demise 

<28 10/547 (1.8%) 

Yang 2016 
(45) 

2005-
2011 

USA Cohort  <37 <37 588/1,068 (55.1%) 
<32 71/1,068 (6.6%) 

<32 <32 43/177 (24.3%) 
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Table B2 – Occurrence of Indicated Preterm Birth Following Spontaneous Preterm Birth 
 

Author Time 
Period 

Country Study 
Design 

Inclusion/Exclusion Criteria Gestational Age at 
Preterm Birth (weeks) 

Occurrence Rate 
of Indicated 

Preterm Birth 
Following a Prior 

Spontaneous 
Preterm Birth 

  Pregnancy 
1 

Pregnancy 
2 

Ananth 
2006 (15) 

1989-
1997 

USA Cohort Inclusion: Prior sPTB 
Exclusion: Multiple gestation 
pregnancies 

<37 <37 342/12,670 
(2.70%) 

<35 121/12,670 
(0.96%) 

<32 40/12,670 (0.32%) 
<35 <35 121/4,463 (2.71%) 
<32 <32 40/2,022 (1.98%) 

Harper 2010 
(29) 

2005-
2006 

USA RCT Inclusion: Prior sPTB, singleton 
Exclusion: Major fetal anomaly, 
intake of a fish oil supplement 
>500mg/week at any time during the 
preceding month, allergy to fish, 
anticoagulation therapy, 
hypertension, White's classification 
D or higher diabetes, drug or alcohol 
abuse, seizure disorder, uncontrolled 
thyroid disease, clotting disorder, 
current or planned cerclage, or a plan 
to deliver either elsewhere or before 
37 weeks of gestation 

<37 <37 46/852 (5.63%) 

Laughon 
2014 (32) 

2002-
2010 

USA Cohort Inclusion: Singleton pregnancies <37 <37 17/3,139 (0.54%) 
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Author Time 
Period 

Country Study 
Design 

Inclusion/Exclusion Criteria Gestational Age at 
Preterm Birth (weeks) 

Occurrence Rate 
of Indicated 

Preterm Birth 
Following a Prior 

Spontaneous 
Preterm Birth 

  Pregnancy 
1 

Pregnancy 
2 

Meis 2003 
(36) 

1999-
2002 

USA RCT Inclusion: Prior sPTB 
Exclusion: Multiple gestations, fetal 
anomaly, progesterone or heparin 
treatment during the current 
pregnancy, current or planned 
cervical cerclage, hypertension 
requiring medication, seizure 
disorder, or a plan to deliver 
elsewhere 

<37 <37 36/463 (7.78%) 

Owen 2001 
(38) 

1997-
1999 

USA 
 

 

Cohort Inclusion: Prior sPTB, singleton 
Exclusion: chronic medical or 
obstetrical problems, history of 
substance abuse, uterine anomalies, 
cerclage  

<32 <35 5/183 (2.73%) 

Rittenberg 
2009 (39) 

1995-
2005 

USA Cohort Inclusion: Prior sPTB, singleton 
pregnancies, referred for weekly 17P 
administration  
Exclusion: Diagnosis of preterm 
labour, cerclage or vaginal bleeding 
at enrollment 

<37 <37 84/684 (12.28%) 
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Author Time 
Period 

Country Study 
Design 

Inclusion/Exclusion Criteria Gestational Age at 
Preterm Birth (weeks) 

Occurrence Rate 
of Indicated 

Preterm Birth 
Following a Prior 

Spontaneous 
Preterm Birth 

  Pregnancy 
1 

Pregnancy 
2 

Yamashita 
2015 (44) 

2008-
2012 

Japan Cohort Inclusion: Prior sPTB  
Exclusion: First antenatal visit after 
14 weeks, previous iPTB, placenta 
previa, placental abruption, multiple 
gestation, fetal anomaly, antepartum 
fetal demise 

<37 <37 23/547 (4.20%) 
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Appendix C: Quality Assessment 
 
Table C1 – Quality Scores for Included Cohort Studies 

Cohort Studies (Newcastle Ottawa Scale (12)) 
Author Representatives 

of the exposed 
cohort 
(0, 1) 

Selection 
of the 
non-
exposed 
cohort 
(0, 1) 

Ascertainment 
of exposure 
(0, 1) 

Demonstration 
that outcome 
of interest was 
not present at 
start of study 
(0, 1) 

Comparability 
of cohorts on 
the basis of 
design or 
analysis 
(0, 1) 

Assessment 
of outcome 
(0, 1) 

Was 
follow-
up long 
enough 
for 
outcomes 
to occur 
(0, 1) 

Adequacy of 
follow-up of 
cohorts 
(0, 1) 

Ananth 
2006 (15) 
Score: 4/6 

1 N/A 0 1 N/A 0 1 1 

Asrat 1991 
(16) 
Score: 5/6 

0 N/A 1 1 N/A 1 1 1 

Care 2014 
(17) 
Score: 5/6 

0 N/A  1 1 N/A 1 1 1 

Carr-Hill 
1985 (18) 
Score: 4/6 

1 N/A 0 1 N/A 0 1 1 

Coleman 
2012 (19) 
Score: 5/6 

0 N/A 1 1 N/A 1 1 1 

Crane 2008 
(20) 
Score: 5/6 

0 N/A 1 1 N/A 1 1 1 
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Cohort Studies (Newcastle Ottawa Scale (12)) 
Author Representatives 

of the exposed 
cohort 
(0, 1) 

Selection 
of the 
non-
exposed 
cohort 
(0, 1) 

Ascertainment 
of exposure 
(0, 1) 

Demonstration 
that outcome 
of interest was 
not present at 
start of study 
(0, 1) 

Comparability 
of cohorts on 
the basis of 
design or 
analysis 
(0, 1) 

Assessment 
of outcome 
(0, 1) 

Was 
follow-
up long 
enough 
for 
outcomes 
to occur 
(0, 1) 

Adequacy of 
follow-up of 
cohorts 
(0, 1) 

Drassinower 
2015 (21) 
Score: 5/6 

0 N/A 1 1 N/A 1 1 1 

Ekwo 1998 
(22) 
Score: 5/6 

0 N/A 1 1 N/A 1 1 1 

Esplin 2008 
(24) 
Score: 4/6 

1 N/A 0 1 N/A 0 1 1 

Getahun 
2010 (25) 
*PPROM 
only 
Score: 4/6 

1 N/A  0 1 N/A 0 1 1 

Goldenberg 
2006 (27) 
Score: 5/6 

0 N/A 1 1 N/A 1 1 1 

Gonzalez-
Quintero 
2011 (28) 
Score: 5/6 

0 N/A 1 1 N/A 1 1 1 
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Cohort Studies (Newcastle Ottawa Scale (12)) 
Author Representatives 

of the exposed 
cohort 
(0, 1) 

Selection 
of the 
non-
exposed 
cohort 
(0, 1) 

Ascertainment 
of exposure 
(0, 1) 

Demonstration 
that outcome 
of interest was 
not present at 
start of study 
(0, 1) 

Comparability 
of cohorts on 
the basis of 
design or 
analysis 
(0, 1) 

Assessment 
of outcome 
(0, 1) 

Was 
follow-
up long 
enough 
for 
outcomes 
to occur 
(0, 1) 

Adequacy of 
follow-up of 
cohorts 
(0, 1) 

Himes 2008 
(30) 
Score: 5/6 

0 N/A 1 1 N/A 1 1 1 

Hsieh 2005 
(31) 
Score: 5/6 

0 N/A 1 1 N/A 1 1 1 

Laughon 
2014 (32) 
Score: 4/6 

1 N/A 0 1 N/A 0 1 1 

Lykke 2009 
(33) 
Score: 4/6 

1 N/A  0 1 N/A 0 1 1 

Manuck 
2011 (34) 
Score: 5/6 

0 N/A 1 1 N/A 1 1 1 

Markham 
2014 (35) 
Score: 5/6 

0 N/A 1 1 N/A 1 1 1 

Mercer 
1999 (37) 
Score: 5/6 

0 N/A 1 1 N/A 1 1 1 
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Cohort Studies (Newcastle Ottawa Scale (12)) 
Author Representatives 

of the exposed 
cohort 
(0, 1) 

Selection 
of the 
non-
exposed 
cohort 
(0, 1) 

Ascertainment 
of exposure 
(0, 1) 

Demonstration 
that outcome 
of interest was 
not present at 
start of study 
(0, 1) 

Comparability 
of cohorts on 
the basis of 
design or 
analysis 
(0, 1) 

Assessment 
of outcome 
(0, 1) 

Was 
follow-
up long 
enough 
for 
outcomes 
to occur 
(0, 1) 

Adequacy of 
follow-up of 
cohorts 
(0, 1) 

Owen 2001 
(38) 
Score: 5/6 

0 N/A 1 1 N/A 1 1 1 

Rittenberg 
2009 (39) 
Score: 5/6 

0 N/A 1 1 N/A 1 1 1 

Turitz 2016 
(40) 
Score: 5/6 

0 N/A 1 1 N/A 1 1 1 

Uquillas 
2017 (46) 
Score: 5/6 

0 N/A 1 1 N/A 1 1 1 

Vogel 2007 
(42) 
Score: 5/6 

0 N/A 1 1 N/A 1 1 1 

Wallace 
2016 (43) 
Score: 4/6 

1 N/A 0 1 N/A 0 1 1 

Yamashita 
2015 (44) 
Score: 5/6 

0 N/A 1 1 N/A 1 1 1 
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Cohort Studies (Newcastle Ottawa Scale (12)) 
Author Representatives 

of the exposed 
cohort 
(0, 1) 

Selection 
of the 
non-
exposed 
cohort 
(0, 1) 

Ascertainment 
of exposure 
(0, 1) 

Demonstration 
that outcome 
of interest was 
not present at 
start of study 
(0, 1) 

Comparability 
of cohorts on 
the basis of 
design or 
analysis 
(0, 1) 

Assessment 
of outcome 
(0, 1) 

Was 
follow-
up long 
enough 
for 
outcomes 
to occur 
(0, 1) 

Adequacy of 
follow-up of 
cohorts 
(0, 1) 

Yang 2016 
(45) 
Score: 4/6 

1 N/A 0 1 N/A 0 1 1 

 
Table C2 – Quality Scores of Included Randomized Controlled Trials – Jadad Scale 

Randomized Controlled Trials (Jadad Scale (13)) 
Author Randomization (0, 1, 2) Blinding (0, 1, 2) An account of all patients (0, 1) 

Elimian 2016 (23) 
Score: 2/5 

2 0 0 

Glover 2011 (26) 
Score: 4/5 

1 2 1 

Harper 2010 (29) 
Score: 5/5 

2 2 1 

Meis 2003 (36) 
Score: 5/5 

2 2 1 

Vermeulen 1999 (41) 
Score: 4/5 

2 2 0 
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Table C3 – Quality Scores of Included Randomized Controlled Trials – Newcastle Ottawa Scale 
Author Representatives 

of the exposed 
cohort 
(0, 1) 

Selection 
of the 
non-
exposed 
cohort 
(0, 1) 

Ascertainment 
of exposure 
(0, 1) 

Demonstration 
that outcome 
of interest was 
not present at 
start of study 
(0, 1) 

Comparability 
of cohorts on 
the basis of 
design or 
analysis 
(0, 1) 

Assessment 
of outcome 
(0, 1) 

Was 
follow-
up long 
enough 
for 
outcomes 
to occur 
(0, 1) 

Adequacy of 
follow-up of 
cohorts 
(0, 1) 

Elimian 
2016 (23) 
Score: 2/5 

0 1 1 1 1 1 1 1 

Glover 2011 
(26) 
Score: 4/5 

0 1 1 1 1 1 1 1 

Harper 2010 
(29) 
Score: 5/5 

0 1 1 1 1 1 1 1 

Meis 2003 
(36) 
Score: 5/5 

0 1 1 1 1 1 1 1 

Vermeulen 
1999 (41) 
Score: 4/5 

0 1 1 1 1 1 1 1 
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PRISMA 2009 Checklist 

Section/topic  # Checklist item  Reported 
on page #  

TITLE   
Title  1 Identify the report as a systematic review, meta-analysis, or both.  1 
ABSTRACT   
Structured summary  2 Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility criteria, 

participants, and interventions; study appraisal and synthesis methods; results; limitations; conclusions and 
implications of key findings; systematic review registration number.  

3 

INTRODUCTION   
Rationale  3 Describe the rationale for the review in the context of what is already known.  5-6 
Objectives  4 Provide an explicit statement of questions being addressed with reference to participants, interventions, comparisons, 

outcomes, and study design (PICOS).  
6 

METHODS   
Protocol and registration  5 Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide 

registration information including registration number.  
n/a 

Eligibility criteria  6 Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years considered, 
language, publication status) used as criteria for eligibility, giving rationale.  

6-8 

Information sources  7 Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify 
additional studies) in the search and date last searched.  

6 

Search  8 Present full electronic search strategy for at least one database, including any limits used, such that it could be 
repeated.  

Appendix 
A 

Study selection  9 State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable, 
included in the meta-analysis).  

7 

Data collection process  10 Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any processes 
for obtaining and confirming data from investigators.  

7 

Data items  11 List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and 
simplifications made.  

7-8 

Risk of bias in individual 
studies  

12 Describe methods used for assessing risk of bias of individual studies (including specification of whether this was 
done at the study or outcome level), and how this information is to be used in any data synthesis.  

7-8 

Summary measures  13 State the principal summary measures (e.g., risk ratio, difference in means).  8 
Synthesis of results  14 Describe the methods of handling data and combining results of studies, if done, including measures of consistency 

(e.g., I2) for each meta-analysis.  
8 
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PRISMA 2009 Checklist 

Page 1 of 2  

Section/topic  # Checklist item  Reported 
on page #  

Risk of bias across studies  15 Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective 
reporting within studies).  

7-8 

Additional analyses  16 Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, indicating 
which were pre-specified.  

8 

RESULTS   
Study selection  17 Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusions at 

each stage, ideally with a flow diagram.  
Figure 1, 
page 8 

Study characteristics  18 For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up period) and 
provide the citations.  

Appendix 
B 

Risk of bias within studies  19 Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12).  Appendix 
C, pages 
9-10 

Results of individual studies  20 For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each 
intervention group (b) effect estimates and confidence intervals, ideally with a forest plot.  

Figures 
2, 3, 
page 8-9 

Synthesis of results  21 Present results of each meta-analysis done, including confidence intervals and measures of consistency.  Figures 
2, 3, 
page 8-9 

Risk of bias across studies  22 Present results of any assessment of risk of bias across studies (see Item 15).  Appendix 
C, pages 
9-10 

Additional analysis  23 Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see Item 16]).  9 

DISCUSSION   
Summary of evidence  24 Summarize the main findings including the strength of evidence for each main outcome; consider their relevance to 

key groups (e.g., healthcare providers, users, and policy makers).  
10 

Limitations  25 Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete retrieval of 
identified research, reporting bias).  

12-13 

Conclusions  26 Provide a general interpretation of the results in the context of other evidence, and implications for future research.  13 
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Funding  27 Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders for the 
systematic review.  

2 

 
From:  Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med 6(7): e1000097. 
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Abstract 
Objective: To determine the risk of recurrent spontaneous preterm birth following spontaneous 

preterm birth in singleton pregnancies. 

Design: Systematic review and meta-analysis using random effects models. 

Data Sources: An electronic literature search was conducted in OVID Medline (1948-2017), 

Embase (1980-2017), and ClinicalTrials.gov (completed studies effective 2017), supplemented 

by hand-searching bibliographies of included studies, to find all studies with original data 

concerning recurrent spontaneous preterm birth. 

Study Eligibility Criteria: Studies had to include women with at least one spontaneous preterm 

singleton live birth (<37 weeks) and at least one subsequent pregnancy resulting in a singleton 

live birth. The Newcastle-Ottawa Scale was used to assess study quality.  

Results:  Overall, 32 articles involving 55,197 women, met all inclusion criteria. Generally 

studies were well conducted and had a low risk of bias. The absolute risk of recurrent 

spontaneous preterm birth at <37 weeks gestation was 30.0% (95% CI: 27.0-34.0%). The risk of 

recurrence due to preterm premature rupture of membranes (PPROM) at <37 weeks gestation 

was 7.0% (95% CI: 6.0-9.0%), while the risk of recurrence due to preterm labor at <37 weeks 

gestation was 23.0% (95% CI: 13.0-33.0%).  

Conclusions: The risk of recurrent spontaneous preterm birth is high and is influenced by the 

underlying clinical pathway leading to the birth. This information is important for clinicians 

when discussing the recurrence risk of spontaneous preterm birth with their patients.  

 

Key Words: preterm birth, preterm labor, preterm premature rupture of membranes, recurrence, 

systematic review 
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Article Summary – Strengths and Limitations of This Study: 

• Study strengths include the comprehensive search strategy with no language 

restrictions used in the nature of the systematic review. 

• Limitations primarily relate to the underlying data that was available on this topic. 

Most of the included studies were observational in nature. Additionally, many 

primary studies examining the recurrence risk of preterm birth had to be excluded 

as they did not clearly differentiate between spontaneous and indicated preterm 

delivery. There was a high degree of heterogeneity in the studies included in the 

meta-analysis. 
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Introduction 
Preterm birth (PTB) is defined as any live birth occurring before 37 completed weeks of 

gestation; this can be subdivided into extremely preterm (<28 weeks), very preterm (28-<32 

weeks), moderately preterm (32-<34 weeks) and late preterm (34-<37 weeks) birth based on the 

gestational age at delivery (1). This sub-categorization is important as gestational age is inversely 

associated with increased mortality, morbidity and the intensity of neonatal care required at birth 

(2). Worldwide, 11.1% of infants are born preterm every year (2). Preterm birth is the leading 

cause of perinatal morbidity and mortality, and second most common cause of death, after 

pneumonia, in children under five years of age (3, 4).  

Indicated preterm births (iPTB) are those induced for medical reasons, such a pre-

eclampsia, intrauterine growth restriction, or fetal distress. However, approximately 70% of PTB 

occur spontaneously (sPTB) (5). The clinical pathways that lead to sPTB typically include 

preterm labor (PTL) and preterm premature rupture of membranes (PPROM), although these 

occur on a spectrum and may co-occur in the same clinical setting. PTL is defined as regular 

contractions and cervical changes at less than 37 weeks gestation, and PPROM is defined as 

spontaneous rupture of membranes at least one hour before contractions at less than 37 weeks 

gestation (5). Known risk factors for spontaneous preterm birth include a previous preterm birth, 

black race, low maternal body-mass index, comorbidities, a short cervical length and a raised 

fetal fibronectin concentration (5, 6). Despite knowing these risk factors, our understanding of 

the etiology behind sPTB is poor and sPTB is considered to be multifactorial in nature (6, 7).  

Although sPTB has a tendency to recur, little is known about the recurrence risk (7). This 

is of concern because sPTB is a leading cause of neonatal morbidity and mortality, and it also 

has a large economic burden (8). Further, women who have had a previous sPTB are likely to be 

anxious during their subsequent pregnancies, which itself can lead to sPTB and other adverse 
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pregnancy outcomes (9-11). Therefore, we conducted a systematic review and meta-analysis to 

investigate the absolute risk of recurrent sPTB following sPTB in singleton pregnancies. By 

better understanding the recurrence risk of sPTB, healthcare workers may be better equipped to 

manage patient needs and anxieties, as well as develop and apply preventative treatments.  

 

Methods 
Two study authors (ZV and CH) executed a comprehensive literature search of Medline (from 

1946 to 2015) and Embase (from 1980 to 2015) to identify publications that contained key terms 

related to recurrent sPTB in June 2015. The search was updated in July 2016, and expanded to 

included completed studies identified through ClinicalTrials.gov. The search was further updated 

in May 2017.  PPROM, PTL and related terms were included in the search. For the full search 

strategy, please refer to Appendix A. Titles and abstracts of these articles were screened for 

relevance by 2 reviewers (ZV and CH) to determine which articles were to undergo full-text 

review. Articles identified by either reviewer at this stage as potentially relevant moved onto full 

text review. Two independent reviewers (ZV and CP) jointly assessed the final eligibility of the 

full-text reviewed articles. We resolved disagreements in full-text eligibility or data abstraction 

by involvement of a third party (AM). The bibliographies of included studies were reviewed to 

identify additional publications not found through the database search. A complete summary of 

the search strategy can be found in Figure 1. No patients were directly involved in this study. As 

this study only used published data, it was exempt from Institutional Review Board approval. 

All studies with original data concerning recurrent sPTB and N≥20 were considered for 

inclusion. No language restrictions were used. Conference abstracts were not considered. To be 

included, studies had to include women with at least one spontaneous preterm live birth (delivery 

<37 weeks of gestation) in their obstetric history and at least one subsequent pregnancy resulting 
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in a live birth. Only studies looking at singleton pregnancies were included. Animal studies, 

studies that only included iPTB, studies that combined iPTB and sPTB, and studies on PPROM 

or PTL where it was not clear if it resulted in sPTB were excluded.  In the case of duplicate data, 

the study with the largest sample size was included. 

The data extraction was completed independently by ZV and CP using a standardized 

data extraction form. Data was reviewed by AM prior to analysis to ensure completeness. 

Information on the authors, title, publication year, data year, location of study, study design, 

definitions of preterm birth, and inclusion and exclusion criteria were all extracted. In addition, 

information was extracted on the number of women with spontaneous preterm birth in their 

initial pregnancy, whether due to PPROM or PTL, number of women with term births in 

subsequent pregnancies, and number of women with preterm births in subsequent pregnancies, 

whether due to PPROM, PTL or indicated causes. For studies that reported on total reproductive 

history, only data on the first 2 consecutive pregnancies were extracted.  Given the observational 

nature of this review, the Newcastle-Ottawa Scale (12) was used to assess study quality of both 

cohort studies and randomized controlled trials. 

The primary outcome measured was the recurrence rate of sPTB at <37 weeks gestation. 

Secondary outcomes were recurrence rate of sPTB due to PPROM at <37 weeks (following 

sPTB due to PPROM in the index pregnancy), recurrence rate of sPTB due to PTL at <37 weeks 

(following sPTB due to PTL in the index pregnancy), the recurrence of sPTB by gestational age, 

and occurrence of iPTB at <37 weeks after a previous sPTB. 

For our analysis, we reported the pooled risk of recurrent preterm birth and 

accompanying 95% confidence interval (CIs) for sPTB <37 weeks gestation, by iPTB, by 

gestational age overall, and for PPROM and PTL. Stratified analysis was used to examine the 
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recurrence rate of sPTB <37 weeks gestation by study design and quality. An a priori decision 

was made to use a random-effects model for all models in anticipation of clinical heterogeneity 

between studies. The metaprop command in Stata was used to conduct the analysis and exact 

confidence intervals were reported (13). Forest plots were used to graphically represent the data. 

Heterogeneity between studies was assessed using I
2
, the Cochrane Q statistic, and 

accompanying p-values.  All analyses were conducted using Stata SE Version 14 (College 

Station, Texas). 

 

Results 
The search returned 11,775 articles, of which 118 met criteria for full-text review (Figure 1). 

Overall 32 articles met all of the inclusion criteria and were included in the review (14-45). A 

summary of all of the studies’ data can be found in Appendix B (recurrence risk of sPTB is 

located in Table B1 and occurrence risk of iPTB following sPTB is located in Table B2). The 

included studies were almost entirely cohort studies, with only five randomized controlled trials 

(22, 26, 28, 35, 40). The sample sizes in the studies ranged from 33 to 17,334 women and the 

rate of recurrent sPTB at <37 weeks gestation ranged from 15.4% to 85.5%. Many of the studies 

had different definitions of sPTB and therefore they could not be combined for meta-analysis. 

There were only a sufficient number of studies that defined preterm birth as occurring prior to 37 

weeks in both the index and subsequent pregnancy to create pooled estimates.  

The overall risk of recurrent sPTB at <37 weeks gestation (n=25 studies, 52,070 women) 

was 30.0% (95% CI: 27.0-34.0%) with a significant Q (P=0.00) and I
2 

of 98.6%, indicating 

between-study heterogeneity (Figure 2).  The recurrence rate did not significantly differ between 

randomized controlled trials (34.0%, 95% CI: 29.0-38.0%; n=5 studies, 1,661 women) and 

cohort studies (29.0%, 95% CI: 26.0-33.0%, n=20 studies, 50,409 women). The risk of iPTB at 
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<37 weeks gestation after a previous spontaneous preterm birth (n=6 studies, 18,355 women) 

was 5.0% (95% CI: 3.0-7.0%) with an I
2
 of 98.0%.  

Few studies looked specifically at the recurrence of PPROM and PTL resulting in sPTB 

in singleton pregnancies following prior PPROM or PTL respectively. However, the identified 

risk of recurrent PPROM at <37 weeks gestation (n=4 studies, 3,138 women) was 7.0% (95% 

CI: 6.0-9.0%) with an I
2
 of 51.0% and the risk of recurrent PTL at <37 weeks gestation (n=3 

studies, 2,852 women) was 23.0% (95% CI: 13.0-33.0%) with an I
2
 of 97.3% (Figure 3).  

The majority of the studies were of high quality (Appendix C). As this study exclusively 

examined the recurrence risk of spontaneous preterm birth, two elements of the Newcastle 

Ottawa Scale relating to the selection of the unexposed cohort and the comparability of the 

exposed and unexposed cohorts were unable to be assessed. Cohort studies typically traded off 

between being generalizable to the broader patient population not seen in a tertiary center or 

having detailed clinical data available. All cohort studies had a quality score of 4 or 5 out of a 

possible 6 points. No statistically significant differences in the recurrence rate of sPTB prior to 

37 weeks was observed based on quality score in cohort studies (Score 4: 27.0%, 95% CI: 21.0-

32.0%; Score 5: 31.0%, 95% CI: 26.0-36.0%). All randomized controlled trials were deemed to 

be high quality (score 7/8).  

 

 

Discussion 

This meta-analysis provides an overview of the overall risk of recurrent spontaneous preterm 

birth. We found that the absolute risk of recurrent sPTB at less than 37 weeks gestation in 

pregnancies was 30%; this estimate was consistent across study designs and study quality. 

Interestingly, the risk of recurrent PTL was found to be 23%, similar to the overall risk of 

recurrent sPTB. Conversely, if a woman has a sPTB due to PPROM, she is less likely to have 
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recurrent PPROM leading to sPTB, with a risk of only 7%. Thus the clinical pathway that leads 

to sPTB appears to influence the risk of recurrence.  

In a 2014 systematic review by Kazemier et al., they found that the risk of recurrence of 

preterm birth is influenced by the singleton/twin order in both pregnancies. When they looked at 

spontaneous preterm singleton births after a previous singleton pregnancy, they found that the 

risk of recurrence of sPTB was 20.2% (46). In contrast to ours, their search strategy was 

exceedingly complex and included only cohort studies. Ultimately after abstract review they 

were left with only six studies that looked at singleton-singleton pregnancies, which could 

explain the difference in our recurrence risk. Further, our study is novel as we differentiated risk 

by clinical pathway leading to sPTB, whether PTL or PPROM. Ultimately, we found that while 

all sPTB tends to recur, the clinical pathway of the first sPTB is important in determining that 

recurrence risk. Previous studies tend to combine these underlying pathways together, but our 

results suggest that perhaps they should not be pooled.  Some studies also suggest that children 

born following PPROM have increased mortality (47-49) and worse health outcomes (50) 

compared to children born after PTL, which further supports the premise that these should be 

looked at as separate clinical conditions. 

However, new evidence suggests that PTB and the underlying pathologies that lead to 

PTB are not mutually exclusive, thus spontaneous and indicated PTB should perhaps not be 

considered completely separate phenomena. Basso and Wilcox estimated that mortality due to 

immaturity itself was about 51%, whereas underlying pathologies that led to PTB accounted for 

approximately half of mortality (51). Similarly, in a recent study by Brown et al., the authors 

found that gestational age is on the causal path between biological determinants of preterm birth 

and neonatal outcomes (52). Infants who were exposed to both pathological intrauterine 
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conditions and early delivery had increased risk for poor neonatal outcomes. As such a 

pathological intrauterine environment, for instance, one characterized by infection, placental 

ischemia and other biological determinants, acts through early delivery to produce poor 

outcomes. Ananth et al. found that women with a sPTB were not only likely to experience 

recurrent sPTB, but they were also associated with increased risks of having a medically 

indicated PTB, and vice versa (7). Prevention of preterm mortality requires more than the 

resolution of PTB, but must also address the underlying etiologies.  

Strengths of our systematic review and meta-analysis include our broad search strategy 

with no language restrictions, which resulted in a large sample size of pooled data. Limitations 

include the fact that most of the studies were observational cohort studies and thus prone to bias, 

and there was significant between-study heterogeneity. This is important as many women 

included in this body of literature would have been offered some form of therapy to reduce their 

risks of recurrent preterm birth. In a similar vein, we also included participants from both the 

treated and control arms of the included randomized controlled trials. With the exception of the 

trial lead by Meis et al, which found a statistically significant reduction in the incidence of sPTB 

in women treated with progesterone (RR=0.66, 95% CI: 0.54-0.81) (35), the other trials had null 

findings. Strategies to prevent preterm birth are varied and evidence of their effectiveness are 

mixed (53). Effective strategies to prevent preterm birth can be implemented at the individual 

level (i.e. progesterone supplementation, cervical cerclage, smoking cessation), the 

clinic/hospital level (i.e. hard-stop policies to prevent non-medically indicated late preterm and 

early term birth, preterm birth prevention clinics) and the societal level (i.e. smoke-free 

legislation to reduce environmental tobacco smoke, legislation regarding single-embryo transfer 

during in vitro fertilization) (53). As documentation of specific treatment strategies was not 
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consistently reported in this body of literature, we were not able to synthesize these results 

according to specific types of treatment. While both small and large studies were identified and 

included, publication bias cannot be entirely ruled out. While the decision to only include studies 

with a minimum sample size of 20 was used to exclude case studies of rare cases that may not be 

generalizable, this may have inadvertently resulted in the exclusion of some small case series. 

Additionally, we only searched 3 independent sources and reviewed the bibliographies of 

included articles, thus articles in journals that were not indexed in either Medline or Embase or 

studies that were not registered on clinicialtrials.gov or were not cited by articles that were 

ultimately included in this review would not have been identified. We anticipate that the impact 

of this would be minimal as a study examining the effectiveness of different databases to identify 

studies related to maternal morbidity and mortality concluded that Medline and Embase has the 

highest yield in identifying unique studies, and that over 60% of all studies were identified by 

multiple sources (54).  Although we were able to identify a large number of studies, many of 

them used different definitions for preterm birth and most did not identify the clinical pathway to 

PTB; as a consequence, these data could not be pooled and not all of the existing evidence could 

be summarized in this review.   

In conclusion, our study reaffirmed that a previous spontaneous preterm birth is a 

significant risk factor for recurrence in subsequent pregnancies, placing that risk at 30%. 

However, substantial heterogeneity in underlying studies speaks to the need for common 

definitions and further work in this area. Additionally, the absolute risk of recurrence appears to 

be substantially higher if the underlying etiology is PTL as opposed to PPROM.  Clinically, this 

information will help with risk stratification and patient counseling. Interventions to prevent PTB 

need to be focused and designed for specific clinical conditions. Further studies need to be done 
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that look at the efficacy of preventative treatments in the prevention of PTL and PPROM. 

Knowledge of the etiology of previous sPTB may help identify women at increased risk of sPTB 

for participation in future clinical trials.  
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Figure 1: Flow diagram of included studies 

 

Figure 2. Forest plot of the rate of recurrent spontaneous preterm birth at <37 weeks gestation 

 

Figure 3. Forest plots of the rate of (a) recurrent PPROM and (b) recurrent PTL at <37 weeks 

gestation 
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1 
 

Appendix A. Search Strategy 
 
 
Search Strategy: 

1. Premature Birth 
2. ((preterm or pre-term or premature or pre-mature) and (birth* or childbirth* or deliver* 

or parturit*)) 
3. Fetal Membranes, Premature Rupture 
4. pprom 
5. Obstetric Labor, Premature 
6. ((preterm or pre-term or premature or pre-mature) and (labor or labour)) 
7. Recurrence 
8. recur* or repeat 
9. (1 or 2 or 3 or 4 or 5 or 6) and (7 or 8) 

 
 
Initial Search Run on June 17, 2015 
Updated Search Run on July 29, 2016 
Updated Search Run on May 24, 2017 
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Appendix B. Included studies 
 
Table B1 – Recurrence rate of spontaneous preterm birth 

Author Time 
Period 

Country Study 
Design 

Inclusion/Exclusion Criteria Gestational Age at 
Spontaneous Preterm 

Birth (weeks) 

Recurrence Rate 
of Spontaneous 
Preterm Birth 

  Pregnancy 
1 

Pregnancy 
2 

Ananth 
2006 (14) 

1989-
1997 

USA Cohort Inclusion: Prior sPTB 
Exclusion: Multiple gestation 
pregnancies 

<37 <37 2,626/12,670 
(20.7%) 

<35 698/12,670 (5.5%) 
<32 164/12,670 (1.3%) 

<35 <35 698/4,463 (15.6%) 
<32 <32 164/2,022 (8.1%) 

Asrat 1991 
(15) 

 USA Cohort Inclusion: Prior PPROM 
Exclusion: Incompetent cervix, 
uterine anomalies, diethelstilbestrol 
exposure, multiple gestations, and 
neonates with congenital anomalies 

<36 <36 39/121 (32.2%) 

Care 2014 
(16) 

2010-
2012 

UK Cohort Inclusion: Prior sPTB or PROM; 
cervical length >25mm at 20-24 
weeks 
Exclusion: Prior cervical surgery, 
non-viable pregnancy, history of 
iPTB, cerclage, uterine anomalies, 
Ehlers-Danlos syndrome, intrauterine 
death, twins, congenital abnormalities 

<34 <37 53/196 (27.0%) 
 
 

 
<34 32/196 (16.3%) 

Carr-Hill 
1985 (17) 

unspeci
fied 

UK Cohort Inclusion: Prior sPTB, singleton 
Exclusion: Multiple gestation, 
stillbirth, induced labor 

<37 <37 76/494 (15.4%) 
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Author Time 
Period 

Country Study 
Design 

Inclusion/Exclusion Criteria Gestational Age at 
Spontaneous Preterm 

Birth (weeks) 

Recurrence Rate 
of Spontaneous 
Preterm Birth 

  Pregnancy 
1 

Pregnancy 
2 

Coleman 
2012 (18) 

2007-
2010 

USA Cohort Inclusion: Prior sPTB, received 17P 
injections 
Exclusion: Non-compliance with 17P 
injections 

<37 <37 426/1,183 (36.0%) 
<35 156/1,183 (13.2%) 
<32 61/1,183 (5.2%) 

Crane 2008 
(19) 

2000-
2006 

Canada Cohort Inclusion: Prior sPTB 
Exclusion: Cervical cerclage  

<37 <37 21/90 (23.3%) 
<35 11/90 (12.2%)  
<34 8/90 (8.9%) 

Drassinower 
2015 (20) 

2009-
2014 

USA Cohort Inclusion: Prior sPTB, singleton 
Exclusion: Multiple gestations, major 
fetal anomalies, cerclage, history of 
iPTB or placental abruption 

<37 <37 178/522 (34.1%) 
<34 78/522 (14.9%) 
<28 34/522 (6.5%) 

Ekwo 1998 
(21) 

1988-
1993 

USA Cohort Inclusion: Prior sPTB Exclusion: 
Fetal loss, multiple gestation 

<37 <37 56/108 (51.9%) 

Elimian 
2016 (22) 

2007-
2010 

USA RCT Inclusion: Prior sPTB 
Exclusion: Multiple gestation, major 
fetal anomaly or chromosomal 
anomalies, prior progesterone use in 
the current pregnancy, use of heparin 
in the current pregnancy, uterine 
anomaly, maternal medical 
conditions, no ultrasound before 20+6 
in the current pregnancy 

<37 <37 59/145 (40.7%) 
<34 27/145 (18.6%) 
<28 15/145 (10.3%) 

Esplin 2008 
(23) 

1989-
2001 

USA Cohort Inclusion: First live birth in Utah and 
a subsequent live birth in the study 
period 

<37 <37 1663/6,199 
(26.8%) 

<34 <37 587/1,669 (35.2%) 
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Author Time 
Period 

Country Study 
Design 

Inclusion/Exclusion Criteria Gestational Age at 
Spontaneous Preterm 

Birth (weeks) 

Recurrence Rate 
of Spontaneous 
Preterm Birth 

  Pregnancy 
1 

Pregnancy 
2 

<34 299/1,669 (17.9%) 
Getahun 
2010 (24) 
*PPROM 
only 

1989-
1997 

USA Cohort Inclusion: Prior PPROM 
Exclusion: Multiple gestations, births 
<20 weeks, non White or Black race, 
>1 pregnancy before 1989 

<37 <37 157/2,259 (6.9%) 
<34 <34 97/1,071 (9.1%) 
<32 <32 67/697 (9.6%) 
<28 <28 22/323 (6.8%) 

Glover 2011 
(25) 

2006-
2009 

USA RCT Inclusion: Prior sPTB, initiated 
prenatal care prior to 20 weeks 
gestation 
Exclusion: Multiple gestations, major 
fetal anomaly 

<37 <37 13/33 (39.4%) 

Goldenberg 
2006 (26) 

1996-
2001 

USA Cohort Inclusion: Prior sPTB <32 <37 71/83 (85.5%) 

Gonzalez-
Quintero 
2011 (27) 

2006-
2009 

USA Cohort Inclusion: Prior sPTB, singleton  
Exclusion: iPTB, >1 prior PTB, 
cerclage in current pregnancy 

<37 <37 597/2,123 (28.1%) 
<35 274/2,123 (12.9%) 
<32 113/2,123 (5.3%) 
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Author Time 
Period 

Country Study 
Design 

Inclusion/Exclusion Criteria Gestational Age at 
Spontaneous Preterm 

Birth (weeks) 

Recurrence Rate 
of Spontaneous 
Preterm Birth 

  Pregnancy 
1 

Pregnancy 
2 

Harper 2010 
(28) 

2005-
2006 

USA RCT Inclusion: Prior sPTB, singleton 
Exclusion: Major fetal anomaly, 
intake of a fish oil supplement 
>500mg/week at any time during the 
preceding month, allergy to fish, 
anticoagulation therapy, hypertension, 
White's classification D or higher 
diabetes, drug or alcohol abuse, 
seizure disorder, uncontrolled thyroid 
disease, clotting disorder, current or 
planned cerclage, or a plan to deliver 
either elsewhere or before 37 weeks of 
gestation 

<37 <37 292/852 (34.3%) 

Himes 2008 
(29) 

2001-
2006 

USA Cohort Inclusion: Prior sPTB placenta 
pathology information available 

<37 <37 102/245 (41.6%) 

Hsieh 2005 
(30) 

1991-
1997 

Taiwan Cohort Exclusion: Multiple gestation, fetal 
anomaly, cervical incompetence, 
stillbirth, iPTB 

<37 <37 52/228 (22.8%) 

Laughon 
2014 (31) 

2002-
2010 

USA Cohort Inclusion: Singleton pregnancies <37 <37 921/3,139 (29.3%) 

Lykke 2009 
(32) 

1978-
2007 

Denmark Cohort Inclusion: Maternal age between 15-
50 
Exclusion: Women with 
cardiovascular disease, type 1 or 2 
diabetes, women who emigrated 
within 3 months of 2nd delivery 

<37 <37 2742/17,334 
(15.8%) 

<33 444/1,734 (25.6%) 
<28 139/535 (26.0%) 
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Author Time 
Period 

Country Study 
Design 

Inclusion/Exclusion Criteria Gestational Age at 
Spontaneous Preterm 

Birth (weeks) 

Recurrence Rate 
of Spontaneous 
Preterm Birth 

  Pregnancy 
1 

Pregnancy 
2 

Manuck 
2011 (33) 

2002-
2010 

USA Cohort Inclusion: Prior sPTB, singleton 
Exclusion: History of iPTB or 
incompetent cervix 

<35 <37 131/223 (58.7%) 
<32 25/223 (11.2%) 

Markham 
2014 (34) 

1998-
2012 

USA Cohort Inclusion: Prior sPTB 
Exclusion: Multiple gestations, known 
uterine anomalies, 

<37 <37 459/1,066 (43.1%) 
<35 269/1,066 (25.2%) 
<32 139/1,066 (13.0%) 

Meis 2003 
(35) 

1999-
2002 

USA RCT Inclusion: Prior sPTB 
Exclusion: Multiple gestations, fetal 
anomaly, progesterone or heparin 
treatment during the current 
pregnancy, current or planned cervical 
cerclage, hypertension requiring 
medication, seizure disorder, or a plan 
to deliver elsewhere 

<37 <37 159/463 (34.3%) 

Mercer 
1999 (36) 

1992-
1994 

USA Cohort Inclusion: Singleton 
Exclusion: Placenta previa, major 
fetal malformations, cervical cerclage, 
polyhydramnios, oligohydramnios, 
cervical dilatation of ≥2 cm for 
nulliparous women and ≥3 cm for 
multiparous women. 

<37 <37 89/410 (21.7%) 
<35 55/410 (13.4%) 
<32 21/410 (5.1%) 
<30 12/410 (2.9%) 
<28 10/410 (2.4%) 

Owen 2001 
(37) 

1997-
1999 

USA 
 

 

Cohort Inclusion: Prior sPTB, singleton 
Exclusion: chronic medical or 
obstetrical problems, history of 

<32 <35 48/183 (26.2%) 
<32 35/183 (19.1%) 
<28 29/183 (15.8%) 
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Author Time 
Period 

Country Study 
Design 

Inclusion/Exclusion Criteria Gestational Age at 
Spontaneous Preterm 

Birth (weeks) 

Recurrence Rate 
of Spontaneous 
Preterm Birth 

  Pregnancy 
1 

Pregnancy 
2 

substance abuse, uterine anomalies, 
cerclage  

<24 20/183 (10.9%) 

Rittenberg 
2009 (38) 

1995-
2005 

USA Cohort Inclusion: Prior sPTB, singleton 
pregnancies, referred for weekly 17P 
administration  
Exclusion: Diagnosis of preterm 
labour, cerclage or vaginal bleeding at 
enrollment 

<37 <37 185/684 (27.0%) 
<35 78/684 (11.4%) 
<32 30/684 (4.4%) 

Turitz 2016 
(39) 

2009-
2013 

USA Cohort Inclusion: Prior sPTB  <37 <37 80/218 (36.7%) 

Uquillas 
2017 (45) 

2005-
2011 

USA Cohort Inclusion: Prior sPTB 
Exclusion: Current cerclage, prior 
iPTB 

<37 <37 43/181 (23.7%) 
<32 6/181 (3.3%) 

Vermeulen 
1999 (40) 

1994-
1996 

Netherla
nds 

RCT Inclusion: Prior sPTB  
Exclusion: Fetal anomaly, previous 
iPTB, known allergy to clindamycin 

<37 <37 41/168 (24.4%) 
<34 14/168 (8.3%) 

Vogel 2007 
(41) 

2000-
2001 

USA Cohort Inclusion: Prior sPTB 
Exclusion: Multiple gestations, 
ruptured membranes, cerclage in a 
previous pregnancy 

<30 <37 20/62 (32.3%) 
<35 15/62 (24.2%) 

Wallace 
2016 (42) 

1986-
2013 

UK Cohort  <37 <37 449/1,900 (23.6%) 

Yamashita 
2015 (43) 

2008-
2012 

Japan Cohort Inclusion: Prior sPTB  
Exclusion: First antenatal visit after 

<37 <37 89/547 (16.3%) 
<34 28/547 (5.1%) 
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Author Time 
Period 

Country Study 
Design 

Inclusion/Exclusion Criteria Gestational Age at 
Spontaneous Preterm 

Birth (weeks) 

Recurrence Rate 
of Spontaneous 
Preterm Birth 

  Pregnancy 
1 

Pregnancy 
2 

14 weeks, previous iPTB, placenta 
previa, placental abruption, multiple 
gestation, fetal anomaly, antepartum 
fetal demise 

<28 10/547 (1.8%) 

Yang 2016 
(44) 

2005-
2011 

USA Cohort  <37 <37 588/1,068 (55.1%) 
<32 71/1,068 (6.6%) 

<32 <32 43/177 (24.3%) 
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Table B2 – Occurrence of Indicated Preterm Birth Following Spontaneous Preterm Birth 
 

Author Time 
Period 

Country Study 
Design 

Inclusion/Exclusion Criteria Gestational Age at 
Preterm Birth (weeks) 

Occurrence Rate 
of Indicated 

Preterm Birth 
Following a Prior 

Spontaneous 
Preterm Birth 

  Pregnancy 
1 

Pregnancy 
2 

Ananth 
2006 (14) 

1989-
1997 

USA Cohort Inclusion: Prior sPTB 
Exclusion: Multiple gestation 
pregnancies 

<37 <37 342/12,670 
(2.70%) 

<35 121/12,670 
(0.96%) 

<32 40/12,670 (0.32%) 
<35 <35 121/4,463 (2.71%) 
<32 <32 40/2,022 (1.98%) 

Harper 2010 
(28) 

2005-
2006 

USA RCT Inclusion: Prior sPTB, singleton 
Exclusion: Major fetal anomaly, 
intake of a fish oil supplement 
>500mg/week at any time during the 
preceding month, allergy to fish, 
anticoagulation therapy, 
hypertension, White's classification 
D or higher diabetes, drug or alcohol 
abuse, seizure disorder, uncontrolled 
thyroid disease, clotting disorder, 
current or planned cerclage, or a plan 
to deliver either elsewhere or before 
37 weeks of gestation 

<37 <37 46/852 (5.63%) 

Laughon 
2014 (31) 

2002-
2010 

USA Cohort Inclusion: Singleton pregnancies <37 <37 17/3,139 (0.54%) 
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Author Time 
Period 

Country Study 
Design 

Inclusion/Exclusion Criteria Gestational Age at 
Preterm Birth (weeks) 

Occurrence Rate 
of Indicated 

Preterm Birth 
Following a Prior 

Spontaneous 
Preterm Birth 

  Pregnancy 
1 

Pregnancy 
2 

Meis 2003 
(35) 

1999-
2002 

USA RCT Inclusion: Prior sPTB 
Exclusion: Multiple gestations, fetal 
anomaly, progesterone or heparin 
treatment during the current 
pregnancy, current or planned 
cervical cerclage, hypertension 
requiring medication, seizure 
disorder, or a plan to deliver 
elsewhere 

<37 <37 36/463 (7.78%) 

Owen 2001 
(37) 

1997-
1999 

USA 
 

 

Cohort Inclusion: Prior sPTB, singleton 
Exclusion: chronic medical or 
obstetrical problems, history of 
substance abuse, uterine anomalies, 
cerclage  

<32 <35 5/183 (2.73%) 

Rittenberg 
2009 (38) 

1995-
2005 

USA Cohort Inclusion: Prior sPTB, singleton 
pregnancies, referred for weekly 17P 
administration  
Exclusion: Diagnosis of preterm 
labour, cerclage or vaginal bleeding 
at enrollment 

<37 <37 84/684 (12.28%) 
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Author Time 
Period 

Country Study 
Design 

Inclusion/Exclusion Criteria Gestational Age at 
Preterm Birth (weeks) 

Occurrence Rate 
of Indicated 

Preterm Birth 
Following a Prior 

Spontaneous 
Preterm Birth 

  Pregnancy 
1 

Pregnancy 
2 

Yamashita 
2015 (43) 

2008-
2012 

Japan Cohort Inclusion: Prior sPTB  
Exclusion: First antenatal visit after 
14 weeks, previous iPTB, placenta 
previa, placental abruption, multiple 
gestation, fetal anomaly, antepartum 
fetal demise 

<37 <37 23/547 (4.20%) 
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Appendix C: Quality Assessment 
 
Table C1 – Quality Scores for Included Studies  
Author Representatives 

of the exposed 
cohort 
(0, 1) 

Selection 
of the 
non-
exposed 
cohort 
(0, 1) 

Ascertainment 
of exposure 
(0, 1) 

Demonstration 
that outcome 
of interest was 
not present at 
start of study 
(0, 1) 

Comparability 
of cohorts on 
the basis of 
design or 
analysis 
(0, 1) 

Assessment 
of outcome 
(0, 1) 

Was 
follow-
up long 
enough 
for 
outcomes 
to occur 
(0, 1) 

Adequacy of 
follow-up of 
cohorts 
(0, 1) 

Ananth 
2006 (14) 
Score: 4/6 

1 N/A 0 1 N/A 0 1 1 

Asrat 1991 
(15) 
Score: 5/6 

0 N/A 1 1 N/A 1 1 1 

Care 2014 
(16) 
Score: 5/6 

0 N/A  1 1 N/A 1 1 1 

Carr-Hill 
1985 (17) 
Score: 4/6 

1 N/A 0 1 N/A 0 1 1 

Coleman 
2012 (18) 
Score: 5/6 

0 N/A 1 1 N/A 1 1 1 

Crane 2008 
(19) 
Score: 5/6 

0 N/A 1 1 N/A 1 1 1 
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Author Representatives 
of the exposed 
cohort 
(0, 1) 

Selection 
of the 
non-
exposed 
cohort 
(0, 1) 

Ascertainment 
of exposure 
(0, 1) 

Demonstration 
that outcome 
of interest was 
not present at 
start of study 
(0, 1) 

Comparability 
of cohorts on 
the basis of 
design or 
analysis 
(0, 1) 

Assessment 
of outcome 
(0, 1) 

Was 
follow-
up long 
enough 
for 
outcomes 
to occur 
(0, 1) 

Adequacy of 
follow-up of 
cohorts 
(0, 1) 

Drassinower 
2015 (20) 
Score: 5/6 

0 N/A 1 1 N/A 1 1 1 

Ekwo 1998 
(21) 
Score: 5/6 

0 N/A 1 1 N/A 1 1 1 

Elimian 
2016 (22) 
Score: 7/8 

0 1 1 1 1 1 1 1 

Esplin 2008 
(23) 
Score: 4/6 

1 N/A 0 1 N/A 0 1 1 

Getahun 
2010 (24) 
*PPROM 
only 
Score: 4/6 

1 N/A  0 1 N/A 0 1 1 

Goldenberg 
2006 (26) 
Score: 5/6 

0 N/A 1 1 N/A 1 1 1 

Glover 2011 
(25) 
Score: 7/8 

0 1 1 1 1 1 1 1 
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Author Representatives 
of the exposed 
cohort 
(0, 1) 

Selection 
of the 
non-
exposed 
cohort 
(0, 1) 

Ascertainment 
of exposure 
(0, 1) 

Demonstration 
that outcome 
of interest was 
not present at 
start of study 
(0, 1) 

Comparability 
of cohorts on 
the basis of 
design or 
analysis 
(0, 1) 

Assessment 
of outcome 
(0, 1) 

Was 
follow-
up long 
enough 
for 
outcomes 
to occur 
(0, 1) 

Adequacy of 
follow-up of 
cohorts 
(0, 1) 

Gonzalez-
Quintero 
2011 (27) 
Score: 5/6 

0 N/A 1 1 N/A 1 1 1 

Harper 2010 
(28) 
Score: 7/8 

0 1 1 1 1 1 1 1 

Himes 2008 
(29) 
Score: 5/6 

0 N/A 1 1 N/A 1 1 1 

Hsieh 2005 
(30) 
Score: 5/6 

0 N/A 1 1 N/A 1 1 1 

Laughon 
2014 (31) 
Score: 4/6 

1 N/A 0 1 N/A 0 1 1 

Lykke 2009 
(32) 
Score: 4/6 

1 N/A  0 1 N/A 0 1 1 

Manuck 
2011 (33) 
Score: 5/6 

0 N/A 1 1 N/A 1 1 1 
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Author Representatives 
of the exposed 
cohort 
(0, 1) 

Selection 
of the 
non-
exposed 
cohort 
(0, 1) 

Ascertainment 
of exposure 
(0, 1) 

Demonstration 
that outcome 
of interest was 
not present at 
start of study 
(0, 1) 

Comparability 
of cohorts on 
the basis of 
design or 
analysis 
(0, 1) 

Assessment 
of outcome 
(0, 1) 

Was 
follow-
up long 
enough 
for 
outcomes 
to occur 
(0, 1) 

Adequacy of 
follow-up of 
cohorts 
(0, 1) 

Markham 
2014 (34) 
Score: 5/6 

0 N/A 1 1 N/A 1 1 1 

Meis 2003 
(35) 
Score: 7/8 

0 1 1 1 1 1 1 1 

Mercer 
1999 (36) 
Score: 5/6 

0 N/A 1 1 N/A 1 1 1 

Owen 2001 
(37) 
Score: 5/6 

0 N/A 1 1 N/A 1 1 1 

Rittenberg 
2009 (38) 
Score: 5/6 

0 N/A 1 1 N/A 1 1 1 

Turitz 2016 
(39) 
Score: 5/6 

0 N/A 1 1 N/A 1 1 1 

Uquillas 
2017 (45) 
Score: 5/6 

0 N/A 1 1 N/A 1 1 1 
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Author Representatives 
of the exposed 
cohort 
(0, 1) 

Selection 
of the 
non-
exposed 
cohort 
(0, 1) 

Ascertainment 
of exposure 
(0, 1) 

Demonstration 
that outcome 
of interest was 
not present at 
start of study 
(0, 1) 

Comparability 
of cohorts on 
the basis of 
design or 
analysis 
(0, 1) 

Assessment 
of outcome 
(0, 1) 

Was 
follow-
up long 
enough 
for 
outcomes 
to occur 
(0, 1) 

Adequacy of 
follow-up of 
cohorts 
(0, 1) 

Vermeulen 
1999 (40) 
Score: 7/8 

0 1 1 1 1 1 1 1 

Vogel 2007 
(41) 
Score: 5/6 

0 N/A 1 1 N/A 1 1 1 

Wallace 
2016 (42) 
Score: 4/6 

1 N/A 0 1 N/A 0 1 1 

Yamashita 
2015 (43) 
Score: 5/6 

0 N/A 1 1 N/A 1 1 1 

Yang 2016 
(44) 
Score: 4/6 

1 N/A 0 1 N/A 0 1 1 
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on page #  

TITLE   
Title  1 Identify the report as a systematic review, meta-analysis, or both.  1 
ABSTRACT   
Structured summary  2 Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility criteria, 

participants, and interventions; study appraisal and synthesis methods; results; limitations; conclusions and 
implications of key findings; systematic review registration number.  

3 

INTRODUCTION   
Rationale  3 Describe the rationale for the review in the context of what is already known.  5-6 
Objectives  4 Provide an explicit statement of questions being addressed with reference to participants, interventions, comparisons, 

outcomes, and study design (PICOS).  
6 

METHODS   
Protocol and registration  5 Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide 

registration information including registration number.  
n/a 

Eligibility criteria  6 Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years considered, 
language, publication status) used as criteria for eligibility, giving rationale.  

6-8 

Information sources  7 Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify 
additional studies) in the search and date last searched.  

6 

Search  8 Present full electronic search strategy for at least one database, including any limits used, such that it could be 
repeated.  

Appendix 
A 

Study selection  9 State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable, 
included in the meta-analysis).  

7 

Data collection process  10 Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any processes 
for obtaining and confirming data from investigators.  

7 

Data items  11 List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and 
simplifications made.  

7-8 

Risk of bias in individual 
studies  

12 Describe methods used for assessing risk of bias of individual studies (including specification of whether this was 
done at the study or outcome level), and how this information is to be used in any data synthesis.  

7-8 

Summary measures  13 State the principal summary measures (e.g., risk ratio, difference in means).  8 
Synthesis of results  14 Describe the methods of handling data and combining results of studies, if done, including measures of consistency 

(e.g., I2) for each meta-analysis.  
8 
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Risk of bias across studies  15 Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective 
reporting within studies).  

7-8 

Additional analyses  16 Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, indicating 
which were pre-specified.  

8 

RESULTS   
Study selection  17 Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusions at 

each stage, ideally with a flow diagram.  
Figure 1, 
page 8 

Study characteristics  18 For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up period) and 
provide the citations.  

Appendix 
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Risk of bias within studies  19 Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12).  Appendix 
C, pages 
9-10 

Results of individual studies  20 For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each 
intervention group (b) effect estimates and confidence intervals, ideally with a forest plot.  

Figures 
2, 3, 
page 8-9 

Synthesis of results  21 Present results of each meta-analysis done, including confidence intervals and measures of consistency.  Figures 
2, 3, 
page 8-9 

Risk of bias across studies  22 Present results of any assessment of risk of bias across studies (see Item 15).  Appendix 
C, pages 
9-10 

Additional analysis  23 Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see Item 16]).  9 

DISCUSSION   
Summary of evidence  24 Summarize the main findings including the strength of evidence for each main outcome; consider their relevance to 

key groups (e.g., healthcare providers, users, and policy makers).  
10 

Limitations  25 Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete retrieval of 
identified research, reporting bias).  

12-13 

Conclusions  26 Provide a general interpretation of the results in the context of other evidence, and implications for future research.  13 
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