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Abstract

Background Preterm birth defined as delivery before 37 gestational weeks is a leading cause of neonatal and infant
morbidity and mortality. The aim of this study is to summarize the evidence from meta-analyses of observational
studies on risk factors associated with PTB, evaluate whether there are indications of biases in this literature, and iden-
tify which of the previously reported associations are supported by robust evidence.

Methods We searched PubMed and Scopus until February 2021, in order to identify meta-analyses examining
associations between risk factors and PTB. For each meta-analysis, we estimated the summary effect size, the 95%
confidence interval, the 95% prediction interval, the between-study heterogeneity, evidence of small-study effects,
and evidence of excess-significance bias. Evidence was graded as robust, highly suggestive, suggestive, and weak.

Results Eighty-five eligible meta-analyses were identified, which included 1480 primary studies providing data

on 166 associations, covering a wide range of comorbid diseases, obstetric and medical history, drugs, exposure

to environmental agents, infections, and vaccines. Ninety-nine (59.3%) associations were significant at P<0.05,
while 41 (24.7%) were significant at P< 1075, Ninety-one (54.8%) associations had large or very large heterogene-
ity. Evidence for small-study effects and excess significance bias was found in 37 (22.3%) and 12 (7.2%) associations,
respectively. We evaluated all associations according to prespecified criteria. Seven risk factors provided robust
evidence: amphetamine exposure, isolated single umbilical artery, maternal personality disorder, sleep-disordered
breathing (SDB), prior induced termination of pregnancy with vacuum aspiration (I-TOP with VA), low gestational
weight gain (GWG), and interpregnancy interval (IPI) following miscarriage <6 months.

Conclusions The results from the synthesis of observational studies suggest that seven risk factors for PTB are sup-
ported by robust evidence. Routine screening for sleep quality and mental health is currently lacking from prenatal
visits and should be introduced. This assessment can promote the development and training of prediction models

using robust risk factors that could improve risk stratification and guide cost-effective preventive strategies.
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Background

Preterm birth (PTB) is defined as delivery before 37
gestational weeks and is a leading cause of infant mor-
bidity and mortality [1-4]. It is estimated that 15 mil-
lion babies are born preterm annually and the PTB rate
ranges between 5 and 18% worldwide [3]. Specifically, the
prevalence of PTB varies by geographic location rang-
ing from 12 to 13% in the USA [1, 2] and from 5 to 9%
in Europe [2]. Advances in neonatology and the admin-
istration of corticosteroids before birth have significantly
improved the prognosis of babies born preterm [5]. Even
though vigorous research was carried out over the last
40 years, which costed millions of dollars and focused on
the prediction and prevention of preterm birth its inci-
dence remains relatively unchanged [5]. The most prob-
able explanation is that preterm birth is a syndrome, and
many different causes may act synergistically to its mani-
festation [5].

Numerous systematic reviews and meta-analyses have
assessed various, non-genetic risk factors of preterm
labor. Several environmental and clinical parameters such
as present pregnancy characteristics, previous pregnancy
history [4], infections [6, 7], environmental exposures,
pharmaceutical factors [8], and surgical interventions
have been proposed as plausible factors related to PTB
[9]. To date, there is no assessment of the epidemiologi-
cal quality of this literature. Identifying robust risk fac-
tors for PTB should help us define a study population for
specific interventions, allocate available resources effec-
tively, allow for risk-specific treatment, and understand
the mechanisms leading to PTB [1].

To our knowledge, there is no previous effort to sum-
marize existing evidence of meta-analyses of non-genetic
risk factors for PTB. We conducted an umbrella review
across published meta-analyses of observational stud-
ies, including topics related to a wide range of risk fac-
tors including obstetric history, medical history, drugs,
socioeconomic status indicators, and environmental and
dietary risk factors, with the goal of mapping the exist-
ing evidence and critically evaluating the reported asso-
ciations. We applied stringent criteria to assess potential
systematic biases.

Methods

We conducted an umbrella review which is a compre-
hensive and systematic approach that collects and criti-
cally evaluates all systematic reviews and meta-analyses
performed on a specific research topic [10]. We used pre-
viously described, standardized methods that have been
already used in published umbrella reviews referring to
risk factors related to various outcomes [11-14] and have
been elaborated below.
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A protocol for this umbrella review was registered
in the International prospective register of systematic
reviews (PROSPERO 2021 CRD42021227296).

Search strategy

Two researchers (A.E., I.M.) independently searched
PubMed and Scopus databases from inception to Febru-
ary 2021, to identify systematic reviews with meta-analy-
ses of studies that examine the association between risk
factors and preterm birth. The search strategy included
combinations of the Medical Subject Headings (MESH)
terms, keywords, and word variants for terms “preterm
birth” AND (“systematic review” OR “meta-analysis”).
Titles and abstracts were screened, and potentially eli-
gible articles were retrieved for full-text evaluation. A
detailed description of our search strategy is provided in
Additional file 1.

Eligibility criteria and data extraction
We included systematic reviews with meta-analyses
investigating the association between various types
of exposures as risk factors for PTB. Specifically, we
included studies with singleton pregnancies and stud-
ies where PTB was evaluated as the primary outcome.
Case reports or series and individual participant data
meta-analyses were excluded. We also excluded studies
that set time limits on time span or were performed on
a restricted setting (i.e., conducted for one specific coun-
try). Studies that assessed PTB as a secondary outcome
were also excluded. We excluded meta-analyses that
assessed PTB as a secondary outcome for two reasons;
first, in any analysis of a secondary outcome, there is a
possibility of lack of power to detect an effect, given that
studies design their power calculations based on a pri-
mary outcome. Therefore, any assessment of effect size,
heterogeneity, and other statistics would be meaning-
less under the lack of power. Second, some components
of the grading of evidence, such as publication bias, are
assessed based on the primary outcome of the studies
and could not be evaluated for secondary outcomes. Fur-
thermore, we excluded studies including multiple preg-
nancies and studies that assessed genetic or over -omics
features as risk factor for PTB. All studies were compared
to avoid the possibility of duplicate or overlapping sam-
ples. If more than one meta-analysis referring to the same
research question was eligible, parameters such as the
largest amount of component studies with data on indi-
vidual studies’ effect sizes, publication year, and in some
cases the number of participants on individual studies
were considered to retain the appropriate one for the
main analysis.

Publications whom estimates of the studied asso-
ciations, such as relative risks (RR) and 95% confidence
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intervals (CIs) were not reported or could not be
retrieved/calculated were excluded from the analysis.
For the non-environmental risk factors, we also excluded
meta-analyses that did not provide the number of cases
in the exposed and non-exposed groups, which is used
for the calculation of the excess significance test. For the
environmental risk factors, since most commonly they
report the results as per unit(s) increase in exposure
and the entire population is exposed, we included them
even if they did not report the number of cases and total
sample size. As most of the included meta-analyses did
not report the number of cases or the sample size of the
studies included, we were unable to estimate the power of
each meta-analysis and the excess significance test.
Eligible articles were screened by four independ-
ent reviewers (AE/IM and EB/TK). Any disagreement
between reviewers was resolved by consensus or after the
evaluation of a third author (SP or EE). The data of eligi-
ble studies were extracted in a predefined data extraction
form recording for each study the first author, journal,
year of publication, the examined risk factors, and the
number of reviewed studies. Either the study-specific
relative risk estimates (risk ratio, odds ratio, hazard
ratio, incidence rate ratio) and the confidence intervals
were extracted or the mean and the standard deviation
for continuous outcomes were also noted in this form.
We also extracted the exposed and control groups used,
outcome assessed, study population, exposure charac-
teristics, number of studies in the meta-analysis, meta-
analysis metric and method, effect estimate with the
corresponding 95% confidence interval, number of cases
and total sample size, I* metric and the corresponding y*
P-value for the Q test, and Egger’s regression P-value.

Assessment of summary effect and heterogeneity

We re-calculated summary effects and 95% confidence
intervals (CIs) for each meta-analysis via fixed and ran-
dom effects model [15, 16]. 95% prediction intervals (PI)
were also computed for the summary random-effects
estimates, which further account for between-study het-
erogeneity indicating the uncertainty for the effect that
would be expected in a new study examining the same
association [17, 18]. A PI describes the variability of the
individual study estimates around the summary effect
size and represents the range in which the effect estimate
of a new study is expected to lie.

The largest study was considered to be the most precise
if there was a difference between the point estimate and
the upper or lower 95% confidence interval less than 0.20
[19]. If the largest study presented a statistically signifi-
cant effect, then we recorded this as a part of the grading
criteria.
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Between-study heterogeneity was assessed and P-value
of the y*>-based Cochran Q test and the I* metric for
inconsistency (reflecting either diversity or bias) was
reported, too. I* metric was used to indicate the ratio
of between-study variance over the sum of within- and
between-study variances, ranging from 0 to 100% [20].
Values exceeding 50% or 75% are usually considered to
represent large or very large heterogeneity, respectively
[21]. 95% confidence intervals were calculated as per
Ioannidis et al. [21].

Assessment of small-study effects

Small studies tend to give substantially larger estimates
of effect size when compared to larger studies. We eval-
uated the evidence of the presence of the small-study
effects, to identify publication and other selective report-
ing biases. They can also reflect genuine heterogeneity,
chance, or other reasons for differences between small
and large studies [22]. We evaluated whether smaller (less
precise) studies lead to inflated effect estimates compared
to larger studies. We used the regression asymmetry test
proposed by Egger, which examines the potential exist-
ence of small-study effects via funnel plot asymmetry
[23]. Egger’s test fits a linear regression of the study esti-
mates on their standard errors weighted by their inverse
variance. Indication of small-study effects based on Egg-
er’s asymmetry test was claimed when P-value<0.10.
This is considered as an indication of publication bias;
indication of small-study effects based on Egger’s asym-
metry test was claimed when P-value <0.10 and the ran-
dom effects summary estimate was larger compared to
the point estimate of the largest (most precise) study in
the meta-analysis.

Excess statistical significance evaluation

The excess significant test was applied to evaluate the
existence of a relative excess of significant findings in the
published literature for any reason (e.g., publication bias,
selective reporting of outcomes or analyses) [24]. This is a
binomial test evaluating whether the number of positive
studies in a meta-analysis was too large according to the
power that these studies have to detect plausible effects at
a=0.05. The power of each component study was calcu-
lated using the fixed-effects summary, the random effects
summary, or the effect size of the largest study (smallest
SE) as the plausible effect size [13] using an algorithm
using non-central ¢ distribution to calculate the power of
each study [25]. Excess statistical significance for single
meta-analyses was claimed at 2<0.10 (one-sided P<0.05,
with observed > expected as previously proposed), given
the power to detect a specific excess will be low, espe-
cially with few positive studies [24].
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Grading of evidence

We followed a 4-level grading (robust, highly suggestive,
suggestive, and weak) to evaluate the strength of the evi-
dence based on the following criteria: number of cases,
summary random-effects P-value, between-studies het-
erogeneity, 95% PI, small-study effects bias, and excess
statistical significance [26]. This grading approach based
on these parameters was used because it allows for an
objective, standardized classification of the level of evi-
dence and has been previously shown to provide consist-
ent results with other more subjective grading schemes
[26-30].

Briefly, meta-analyses were considered to be supported
by robust evidence if the association was supported
by more than 1000 cases, a highly significant associa-
tion (the random effects model had a P-value<107°, a
threshold that is considered to substantially reduce false
positive findings) [31-33], there was absence of high het-
erogeneity based on I <50%, the 95% PI excluded the null
value, and there was no evidence of small-study effects
or excess statistical significance. Highly suggestive evi-
dence required more than 1000 cases, a highly signifi-
cant association (a random-effects P-value<107°), and
the largest study in the meta-analysis was significant at
P<0.05. Associations based on meta-analyses with a ran-
dom-effects P-value <102 and included more than 1000
cases [31-33] were graded as suggestive evidence. The
remaining significant associations at P<0.05 were graded
as weak evidence. We need to highlight that this specific
grading scheme focuses on the reduction of false-posi-
tive findings and the evaluation of potential biases in the
studied associations. Therefore, the set of criteria used
here is not ideal for a detailed evaluation of non-signifi-
cant associations and to distinguish insufficient evidence
from robust evidence of no association. That would
require a different approach and another set of criteria
altogether that would focus on the power of the meta-
analyses to observe a significant effect, which was beyond
the scope of our review. This grading system has been
evaluated [34] and showed that these criteria may offer
relatively independent and complimentary insights into
the evidence of an observational association. Other sys-
tems such as GRADE [35] and ROBIS [36] have focused
mainly on evaluating randomized evidence from RCTs or
non-randomized studies of intervention.

Statistical analyses were performed using STATA ver-
sion 14 (StataCorp, TX, USA).

Results

Description of eligible meta-analyses

The search identified 2985 items, of which 2420 were
excluded after a review of the title and abstract (Fig. 1,
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PRISMA flowchart). Of the remaining 565 articles
that were reviewed in full text, eight articles did not
report the appropriate information for the calculation
of excess of statistical significance (either because the
total sample size was missing or the study-specific rela-
tive risk estimates were missing), and 134 articles were
excluded because a larger systematic review or meta-
analysis investigating the same risk factor was avail-
able. From the 219 comparisons, we further excluded
the ones that included one or two studies (53 compari-
sons). Therefore, 218 articles were analyzed, of which
133 were systematic reviews without any quantitative
component and 84 were meta-analyses. The 84 eligible
meta-analyses [4, 6-9, 37-115] included data on 166
comparisons and 1480 primary studies.

Summary effect sizes and significant findings

Three to 152 studies, with a median of 11 studies, were
included per meta-analysis. The median number of
cases and total population in each study were 91 and
1004, respectively. The median number of cases and
total population in each meta-analysis was 7266 and
94,907, respectively. The number of cases was greater
than 1000 in 94 comparisons. Overall, 570 (38,5%) indi-
vidual studies observed statistically significant results
at P<0.05. Thirty-nine meta-analyses used the New-
castle-Ottawa scale to assess qualitatively the included
primary studies. One meta-analysis used assessment
criteria for non-randomized observational studies
adapted from Duckitt and Harrington, 3 meta-analyses
used the Methodological Index for Non-Randomized
Studies (MINORS), and 37 meta-analyses used other
assessment tools. Four meta-analyses did not perform
any quality assessment. Details of the 166 comparisons
that included 1480 individual study estimates are sum-
marized in Additional file 2.

Of the 166 comparisons, 99 (59.3%) had statistically
significant findings at P<0.05 using the random-effects
model, of which 93 reported an increased risk and six
a decreased risk for preterm birth. The associations
identified to decrease the risk of PTB are the following:
preconception care vs no care [47], magnesium sup-
plementation vs placebo [72], single vs double embryo
transfer [87], high gestational weight gain vs normal ges-
tational weight gain [106], interpregnancy interval fol-
lowing miscarriage <6 months vs>6 months [108], and
greenery including only a 100-m normalized difference
vegetation index (NDVI) buffer [113]. Of these, a total of
61 (36.8%) associations presented statistically significant
effect at P<0.001, while only 41 (24.7%) remained sig-
nificant after the application of a more stringent P-value
threshold of P<107° (Table 1).
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Fig. 1 Flow diagram for the selection of included studies

Between-study heterogeneity and prediction intervals
Forty-four (26.5%) comparisons had large (*>50%
and <75%) and 47 comparisons (28.3%) had very large
(P>75%) heterogeneity estimates (see Additional
file 2). When calculating the 95% PIs, the null value was
excluded in only thirty-one (18.7%) comparisons.

Small-study effects
Evidence for statistically significant small-study effects
(Egger test P<0.10 and random-effects summary

estimate larger compared with the point estimate of the
largest study in the meta-analysis) was identified in 37
(22.3%) comparisons (see Additional file 2).

Test of excess statistical significance

Evidence of excess-statistical-significance bias was
observed in 12 (7.2%) associations, with statistically sig-
nificant (P<0.05) excess of positive studies under any of
the three assumptions for the plausible effect size, i.e.,
the fixed-effects summary, random-effects summary or
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Table 1 Assessment across the statistically significant associations for preterm birth

Level of evidence Criteria

Robust > 1000 cases, ® P< 1078, not large heterogeneity (? < 50%), 95% prediction interval exclud-
ing the null value, no evidence for small-study effects®, and excess significance bias ©

Risk factors supported by robust evidence Amphetamines [53]
Isolated single umbilical artery [60]
Maternal personality disorder [70]
SDB (objective assessment) [80]
Prior I-TOP with VA [98]
Low GWG [107]

IPI following miscarriage of <6 m (compared to IPI following miscarriage of >6 months,
with Conde-Agudelo A, 2004 excluded) [108]

Highly Suggestive > 1000 cases, ° P< 107 and statistically significant effect present at the largest study
at P<0.05

Risk factors supported by highly suggestive evidence 1% trimester bleeding [51]
Prior surgical I-TOP (for PTB in singleton pregnancies) [98]
Obstetric cholestasis [66]
PCOS [115]
Cancer survivors [41]
Placenta previa [43]
African/Black race [49]
Aboriginal ethnicity [50]
BMI of > 40 kg/m? (compared to BMI=30-34.9 kg/m?) [75]
BMI of > 40 kg/m? (compared to BMI=30-39.9 kg/m?) [75]
Endometriosis (combined spontaneous conception and assisted reproduction) [8]
Endometriosis (spontaneous conception) [8]
Maternal age of =45 years old [103]
CKD during pregnancy [104]
Underweight women [105]
Maternal vitamin D status (for spontaneous PTB) [110]
SMM: hemorrhagic disorders [68]
SMM: hepatic disorders [68]
LEEP [111]
LLETZ for CIN [112]

Any type of treatment for CIN with a cone depth of > 10-12 mm (compared to untreated CIN)
[112]

Any type of treatment for CIN with a cone depth of > 15-17 mm (compared to untreated CIN)
(112

Intimate partner violence [39]
Unmarried women [52]
Cocaine [79]
Entire pregnancy high level PM, s exposure [48]
Suggestive >1000 cases, ® P< 1073
Risk factors supported by suggestive evidence Pre-gravid OC use [40]
Marijuana during pregnancy [57]
SMM: thromboembolic disorders [68]
Periodontal disease [74]
Women of short stature [77]
Antipsychotics during pregnancy [38]
Trichomonas vaginalis infection [84]
Blastocyst-stage embryo transfer (vs cleavage embryo transfer) [86]
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Table 1 (continued)

Level of evidence Criteria

Fresh blastocyst transfer (for PTB) [89]
Fresh blastocyst transfer (for very PTB <32 weeks) [89]

HPV Infection (crude) [7]

HPV Infection (age adjusted) [7]

> 1 prior surgical I-TOP [98]

Any type of treatment for CIN with a cone depth of > 20 mm (compared to untreated CIN)

[112]
Greenery (including only a 100-m NDVI buffer) [113]
Weak The rest associations with?P < 0.05
Risk factors supported by weak evidence History of preterm twins [4]

History of preterm twins 34-36+6 weeks [4]

History of preterm twins 30-33 +6 weeks [4]

History of preterm twins < 30 weeks [4]

History of spontaneous twin preterm birth [4]
History of spontaneous twin preterm birth 34-36+6 weeks [4]
Subseptate uterus [46]

Cancer survivors treated after radiotherapy [41]

H1 Antihistamine [37]

Velamentous cord insertion [42]

Metformin [44]

Diabetic nephropathy in TIDM [45]

Preconception care [47]

Asian race [49]

Hispanic ethnicity [49]

Laparoscopic appendectomy [9]

Hyperemesis gravidarum (cohort studies) [54]
Hyperemesis gravidarum (case control studies) [54]
Arcuate uterus [46]

Septate uterus [46]

Bicornuate uterus [46]

Didelphys uterus [46]

Unicornuate uterus [46]

Triptan [55]

Migraine [55]

Topical retinoids (exposed infants) [56]
Hydroxychloroquine [56]

TB [58]

Multivitamins [59]

Fetus with small thymus [61]

Probiotics during pregnancy (for PTB < 34 weeks) [62]
Probiotics during pregnancy (for PTB < 37 weeks) [62]
Home visits for pregnant women [63]

APS [64]

Bed Rest (in developing regions, for PTB < 37 weeks) [65]
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Level of evidence

Criteria

Bed Rest (in developed regions, for PTB < 37 weeks) [65]
Bed Rest (in developing regions, for very PTB) [65]
Bed Rest (in developed regions, for very PTB) [65]

Pregnancy-associated malaria [67]

Nicotine Replacement Therapy [69]

Women involved in motor vehicle crashes [71]
Magnesium supplementation [72]

Donor sperm (for PTB) [73]

Donor sperm (for very PTB) [73]

Bariatric surgery [76]

Vitamin C and others supplementation [78]

SDB (questionnaire-based assessment) [80]

Asthma with exacerbation during pregnancy [81]
Asthma without exacerbation during pregnancy [81]
Alcohol consumption before or during pregnancy [83]
Vaginal clindamycin treatment for bacterial vaginosis [85]
Single embryo transfer (randomized clinical trials) [87]
Single embryo transfer (cohort studies) [87]

Stimulated cycle IVF [88]

Bacterial vaginosis [90]

Intermediate vaginal flora [90]

HPV 6/11/16/18 vaccine in periconceptional period or during pregnancy [6]
Quinolones during 1st trimester [91]

Macrolides [92]

Clindamycin [92]

Metronidazole alone or in combination [92]
Metronidazole [92]

Dental caries [93]

Celiac disease [94]

Single-twin death after 14 weeks of monochorionic pregnancy [95]
Prenatal care (observational studies) [96]

Prenatal care (randomized clinical trials) [96]

Endometriosis (assisted reproduction) [8]

Knowledge of TVU-measured CL in singletons pregnancies with symptoms of PTL [97]

Only 1 prior surgical I-TOP [98]

Prior 1st trimester surgical I-TOP [98]

Prior S-TOP [98]

Prior uterine evacuation [98]

Prior I-TOP [98]

Prior I-TOP with dilation and evacuation [98]
Hyperthyroidism [99]

Clinical hypothyroidism [100]
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Level of evidence

Criteria

Subclinical hypothyroidism [100]
Hypothyroxinemia [100]

LT4 treatment in euthyroid women with thyroid autoimmunity (with Negro R, 2016 included)
[101]

LT4 treatment in euthyroid women with thyroid autoimmunity (with Negro R, 2016 excluded)
[101]

Primiparous mother [102]

High GWG [106]

IPI following miscarriage of <6 months (compared to IPI following miscarriage of > 6 months,
with Conde-Agudelo A, 2004 included) [108]

IPI following miscarriage <6 months (compared to IPI following miscarriage of 6-12 months)
[108]

IPI following miscarriage <6 months (compared to IPI following miscarriage of > 12 months)
[108]

Treated CIN (for PTB < 37 weeks) [109]

Treated CIN during pregnancy [109]

Treated CIN before pregnancy [109]

Untreated CIN [109]

Treated CIN (for spontaneous PTB < 37 weeks) [109]
Treated CIN (for PTB < 32 weeks) [109]

maternal 25-OHD concentration of <50 nmol/L [110]
maternal 25-OHD concentration of <75 nmol/L [110]
Vitamin D supplementation [110]

Maternal Vitamin D status (for PTB in general) [110]

Any type of treatment for CIN with a cone depth of < 10-12 mm (compared to untreated CIN)
(112

Any type of treatment for CIN with a cone depth of > 10-12 mm (compared to any type
of treatment for CIN with a cone depth of <10-12 mm) [112]

Any type of treatment for CIN with a cone depth of > 15-17 mm (compared to any type
of treatment for CIN with a cone depth of < 15-17 mm) [112]

Any type of treatment for CIN with a cone depth of > 20 mm (compared to any type of treat-
ment for CIN with a cone depth of <20 mm) [112]

1st trimester PM, s exposure [48]

Entire pregnancy PM, s exposure [48]

Tst trimester high-level PM, s exposure [48]

Tst trimester low level PM, s exposure [48]
Entire pregnancy low level PM, s exposure [48]
Entire pregnancy PM, s exposure [114]

1%t trimester PM, s exposure [114]

2" trimester PM, 5 exposure [114]

3" trimester PM, s exposure [114]

1% month PM, s exposure [114]

Within 1 month before birth PM, s exposure [114]
Individual-level PM, s exposure [114]

Semi-individual-level PM, 5 exposure [114]
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Table 1 (continued)
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Level of evidence Criteria

Regional-level PM, 5 [114]

PM, s exposure [114]

1St

trimester NO, exposure [82]

2" trimester NO, exposure [82]

39 trimester NO, exposure [82]

Whole pregnancy NO, exposure [82]

Abbreviations: I-TOP Induced termination of pregnancy, S-TOP, Spontaneous termination of pregnancy, TOP Termination of pregnancy, PCOS Polycystic ovary syndrome,
APS Antiphospholipid syndrome, GWG Gestational weight gain, T1DM Type 1 diabetes mellitus, SDB Sleep-disordered breathing, SMM Severe maternal morbidity, BMI
Body mass index, NRT Nicotine replacement therapy, TVU Transvaginal ultrasound, CL Cervical length, PTL Preterm labor, CKD Chronic kidney disease, IPI Interpreg-
nancy interval, CIN Cervical intraepithelial neoplasia, 25-OHD 25-hydroxyvitamin D, LEEP Loop electrosurgical excision procedure, LLETZ Large loop excision of transfor-
mation zone, OC Oral contraceptive, LT4 Levothyroxine, HPV Human papillomavirus, TB Tuberculosis, /VF In vitro fertilization, PM, ; Particulate matter with aerodynamic
diameter less than or equal to 2.5 um; PM,, Particulate matter with aerodynamic diameter less than or equal to 10 pm, NO, Nitrogen dioxide

? Pindicates the P-values of the meta-analysis random effects model

b Small-study effect is based on the P-value from Egger’s regression asymmetry test (P<0.10)

©Based on the P-value (P <0.05) of the excess significance test using the largest study (smallest standard error) in a meta-analysis as the plausible effect size

results of the largest study (see Additional file 2). In addi-
tion, the observed and expected number of positive stud-
ies showed that, overall, the excess of positive results was
driven by meta-analyses with large estimates of heteroge-
neity (I*>50%).

Grading of evidence
The summary of the epidemiological credibility for 166
associations of risk factors for PTB is shown in Addi-
tional file 2. Seven of the 166 associations (4.2%) were
supported by robust evidence (amphetamines, fetus with
isolated single umbilical artery, maternal personality dis-
order, sleep-disordered breathing (SDB), prior induced
termination of pregnancy (I-TOP) with vacuum aspira-
tion (VA), low gestational weight gain, and interpreg-
nancy interval (IPI) following miscarriage less than 6
months) (see Additional file 3). Twenty-six associations
(15.7%) were supported by highly suggestive evidence
referring to obstetric history, medical history, social and
economic profile, and drugs (see Table 1). Fifteen asso-
ciations (9%) were supported by suggestive evidence,
including pre-gravid oral contraceptive use, marijuana,
severe maternal morbidity (SMM), periodontal disease,
women of short stature, antipsychotics during preg-
nancy, Trichomonas vaginalis infection, blastocyst-stage
embryo transfer (vs cleavage stage embryo-transfer),
fresh blastocyst transfer (for PTB), fresh blastocyst trans-
fer (for very PTB), HPV infection (crude), HPV infection
(age-adjusted), > 1 prior surgical I-TOP, any type of treat-
ment for cervical intraepithelial neoplasia (CIN) with a
cone depth>20 mm (compared to untreated CIN), and
greenery.

Regarding the environmental risk factors, higher resi-
dential greenness did not technically qualify to be cat-
egorized as robust evidence because the random effects

P-value was 3.25x107° but fulfilled all other criteria.
The rest of the associations regarding different levels of
exposure to air pollutants [particulate matter with aero-
dynamic diameter less than or equal to 2.5 um (PM,5),
nitrogen dioxide (NO,)] in all windows of exposure were
classified as weak.

Discussion

In this umbrella review, we evaluated the current evi-
dence, derived from meta-analyses of observational stud-
ies on the association between various risk factors and
PTB. Overall, from the 166 associations that have been
examined, only 4.2% had epidemiologically robust results
with no suggestion of bias, as can be inferred by substan-
tial heterogeneity between studies, small-study effects,
and excess significance bias. Seven risk factors were sup-
ported by robust evidence, including amphetamine expo-
sure [53], isolated single umbilical artery [60], maternal
personality disorder [70], sleep-disordered breathing
measured with objective assessment [80], prior induced
termination of pregnancy with vacuum aspiration com-
pared to no termination [98], low gestational weight gain
compared to normal weight gain [107], and interpreg-
nancy interval following miscarriage less than 6 months
compared to more than 6 months [108]. Several others
had highly suggestive evidence including intimate part-
ner violence [39] and unmarried women [52], cancer sur-
vivors [41], African/Black race [49], placental previa [43],
hemorrhagic and hepatic disorders [68], endometriosis
[8], chronic kidney disease [104], and treatments for CIN
[112].

Interpretation in the light of evidence
Some of the risk factors identified from our analy-
sis as robust are well-known risk factors and have been
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incorporated into the screening processes during pre-
natal visits such as illicit drug use, ultrasonographic
markers, and reproductive history [5]. Nevertheless, we
identified a few that are not receiving the attention they
should during prenatal visits even though they demon-
strate robust evidence.

This includes maternal psychosocial profile and sleep-
ing quality that are either rarely screened during prena-
tal visits or not considered by clinicians as risk factors for
PTB. Traditionally, emphasis was given to factors such as
cervix length and history of PTB and their obstetric man-
agement [5]. Screening and early intervention on mater-
nal personality disorders and SDB during pregnancy
should be further evaluated at prenatal visits and poten-
tially contribute to PTB prevention.

Interpregnancy intervals

One association with highly controversial evidence is
interpregnancy interval following a miscarriage and the
risk of preterm birth. The World Health Organization
(WHO) encourages women who experienced a previous
miscarriage to wait for a minimum of 6 months before the
next conception to achieve optimal outcome and reduce
obstetric complications such as preterm birth [116]. Con-
trary to the findings of the research on which WHO based
its recommendations, some studies reported that the risk
of adverse obstetric outcomes including preterm birth is
lower in women who conceived less than 6 months after a
pregnancy loss [117-119], while synthesizing all available
data provided the same conclusion [108]. This meta-anal-
ysis included eight studies and performed two analyses:
one including the study of Conde Agudelo 2004 [120]
and one excluding it, and robust results were obtained
after excluding this study. While this was a large retro-
spective study on which the WHO guidelines for delay-
ing pregnancy for at least 6 months [116] are based, it did
not differentiate between induced and spontaneous abor-
tions and used data from many countries where induced
abortion is illegal [120], therefore should be interpreted
with caution. More recent studies have criticized meth-
ods used in the previous studies; therefore, the question
remains open as to the causal effect of short interpreg-
nancy intervals after miscarriage on adverse obstetric
outcomes remains unknown [121, 122]. After a miscar-
riage, there is a very small burden on the folate reserve,
and thus, miscarriage is not very likely to lead to folate
deficiency in the postpartum period, so miscarriage and
delivery later in pregnancy may have differential effects
on subsequent pregnancy [123, 124]. This could explain
the reduced risk of adverse outcomes in a short IPI after
a miscarriage [123] but not after delivery. In support of
this hypothesis, there is evidence to suggest that late mis-
carriages (after 12 weeks of gestation) are associated with
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worse outcomes in the subsequent pregnancy [124]. In
addition, most women who attempt another pregnancy
soon after a miscarriage are likely to be motivated to
take better care of their health and consequently result
in better pregnancy outcomes [125-127]. Another plau-
sible reason may be that those who conceive soon after
a miscarriage are naturally more fertile and younger and
consequently have better pregnancy outcomes. There-
fore, even though the characteristics of the meta-analysis
included in our assessment classified this association as
robust for a protective effect, given the complex causal
structure of these associations, interpretations should be
made with caution.

Sleep disorders and mental health

Another risk factor with robust evidence was sleep-disor-
dered breathing. This meta-analysis clearly demonstrated
the increased risk profile of women who experience SDB
not only for preterm birth but for other adverse preg-
nancy outcomes [80]. Regarding plausible mechanisms,
the association between SDB and intermittent maternal
hypoxia as well as the link with conditions synonymous
with impaired placental function such as pre-eclampsia
suggests a multifactorial cause, with both physiologic
changes associated with pregnancy and placental dys-
function involved [80]. This robust association has clear
implications for obstetric practice. First, given the rap-
idly increasing worldwide obesity rates, SDB is likely to
become more prevalent in the pregnant population and it
should be introduced in screening. Second, the increased
risk for both adverse intrapartum and perinatal outcomes
demonstrated in this review strongly supports the need
for increased surveillance in women who experience SDB
during pregnancy. Third, public health education pro-
grams must take into account the specific maternal and
perinatal risks and promote education about the signifi-
cance of obstructive sleep apnea symptoms and the need
for women to discuss this with their obstetric caregivers.
Screening for sleeping habits and suggesting more fre-
quent follow-up for women with such symptoms have
the potential to reduce the burden of PTB.

In alignment with this suggestion, women with person-
ality disorders could be identified early through mental
health screening, where targeted health interventions and
multidisciplinary management can be implemented to
reduce adverse outcomes for the baby/child and woman.
This early identification and support also have the potential
to enable the prevention of maladaptive development tra-
jectories within the mother-infant relationship [128, 129].

The ability to modify those factors, mainly those related
to mental health and sleep quality screening, through clini-
cal interventions or public health policy measures remains
to be established. Nevertheless, we need to highlight that
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there is no guarantee that even a convincing observational
association for a modifiable risk factor would necessarily
translate into large preventive benefits for preterm birth if
these risk factors were to be modified [8].

Clinical practice and medical history

Another association that fulfilled all criteria for a robust
association is the prior I-TOP with VA. Concerns have
been expressed regarding the validity of the reported
association mainly due to the quality of the primary stud-
ies [130]. Many of them did not adjust for strong con-
founders such as parity, prior PTB, race, and smoking [98,
130]. The analysis of primary studies that reported data
on cofounders and adjusted the risk estimated on these
cofounders, revealed a greater increase in the PTB inci-
dence [98]. This is supported by the fact that women who
underwent an I-TOP usually have a low socioeconomic
status and are likely to be exposed to a variety of factors
related to PTB [98]. Moreover, abortion is a reported out-
come that is accompanied by social stigma and, therefore,
can be omitted from the medical history, leading to a
high risk of differential misclassification. This highlights
the need to thoroughly examine the other possible biases
that can be identified in a meta-analysis even in the case
that the epidemiologic criteria classify an association as
robust.

Furthermore, it is important that clinical examination
and medical history includes risk factors which are not
well known, identified in meta-analysis with highly sug-
gestive evidence. Regarding highly suggestive evidence,
there were a few that are well known and used to clas-
sify pregnancies as high risk for PTB such as therapies for
cervical intraepithelial neoplasia, advanced maternal age,
placental pathology, race, first trimester bleeding, and
maternal comorbidities. There were also included factors
that are not routinely screened in the obstetric popula-
tion such as intimate partner violence, cancer survivors,
and being unmarried.

Obesity is generating an unfavorable metabolic envi-
ronment from early gestation; therefore, initiation of
interventions for weight loss during pregnancy might be
belated to prevent or reverse adverse effects, which high-
lights the need for weight management strategies before
conception [75, 106, 107, 131]. Moreover, obesity is
becoming a global epidemic, while assessing the strength
of evidence that supports the impact of overweight and
obesity in comorbidities such as sleep-disordered breath-
ing could allow not only the identification of women at
high risk for adverse outcomes including PTB, but also
better prevention. PTB does not only increase the risk for
maternal and infant complications, but also significantly
increases a woman’s risk of cardiovascular disease (CVD)
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after pregnancy; therefore, primary prevention of obesity
could lead to multiple benefits [132-135].

Environment

Regarding environmental risk factors, increased residen-
tial greenness was associated with a protective effect on
the risk of PTB. Although this finding was categorized
as having suggestive evidence, the P-value of the random
effect estimate was very close to the stringent threshold
of <1076, Acknowledging the detrimental projected effect
of climate change in greenness and given that it is one
of the few protective risk factors for PTB [113], serious
efforts should be made to maintain and grow residential
greenness. Possible mechanisms include among others
amelioration of the effects of air pollutants, reduction of
stress, and increase in physical activity [113]. There was
also suggestive evidence for early pregnancy exposure
to PM, ; and the risk of PTB. This association has been
debated in the literature with conflicting results about
the timing and magnitude of effect and is less robust than
other associations that have been shown to have strong
evidence for associations [136] such as birth weight.

Strengths and limitations

To our knowledge, this umbrella review represents the
most comprehensive overview of published literature
of observational studies to date investigating associa-
tions between a wide array of risk factors and PTB. The
epidemiological robustness of meta-analyses of obser-
vational studies was assessed against a transparent and
replicable set of statistical criteria. In addition, we per-
formed a deeper assessment of these associations and
assessed their potential to test causal assumptions. Our
assessment has certain limitations. Umbrella reviews
focus on existing systematic reviews and meta-analyses
and therefore some studies may have not been included
either because the original systematic reviews did not
identify them, they were too recent to be included, or
they did not provide the data to be included. In the cur-
rent assessment, we used all available data from obser-
vational studies; therefore, the meta-analysis estimates
may partly reflect the biases in the primary studies. Sta-
tistical tests of bias in the body of evidence (small-study
effect and excess significance tests) offer hints of bias,
not definitive proof thereof, while the Egger test is diffi-
cult to interpret when the between-study heterogeneity
is large. These tests have low power if the meta-analyses
include less than 10 studies and they may not identify the
exact source of bias [22, 24, 34]. More specifically, in our
study, all robust evidence applied to meta-analyses with
less than 10 studies; therefore, the results of publication
bias should be interpreted with caution. Furthermore,
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we did not appraise the quality of the individual studies
on our own, since this should be included in the original
meta-analysis and it was beyond the scope of the current
umbrella review. However, we recorded whether and how
they performed a quality assessment of the synthesized
studies. Lastly, we cannot exclude the possibility of selec-
tive reporting for some associations in several studies.
For example, perhaps some risk factors were more likely
to be reported, if they had statistically significant results.
Diving deeper into the associations that were classified
as robust, we detected some issues beyond the prespeci-
fied criteria that are traditionally applied for umbrella
reviews.

Therefore, it is recommended that future umbrella
reviews perform a comprehensive assessment of the
associations beyond the classic criteria.

Conclusions

The present umbrella review of meta-analyses identified
166 unique risk factors for preterm birth. Our analysis
identified seven risk factors with robust evidence and
strong epidemiological credibility pertaining to isolated
single umbilical artery, amphetamine exposure, maternal
personality disorder, sleep-disordered breathing, induced
termination of pregnancy with vacuum aspiration, low
gestational weight gain, and interpregnancy interval fol-
lowing miscarriage of less than 6 months, but the results
should be interpreted with caution. As previously sug-
gested, the use of standardized definitions and protocols
for exposures, outcomes, and statistical analyses may
diminish the threat of biases, enhance comparability of
different studies examining risk factors, and promote
the development and training of prediction models that
could identify high-risk populations and promote public
health.
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PM; o Particulate matter with aerodynamic diameter less than or equal to
10 pm

PM, 5 Particulate matter with aerodynamic diameter less than or equal to
2.5um

PTB Preterm birth

PTL Preterm labor

RR Relative risk

SDB Sleep-disordered breathing

SMM Severe maternal morbidity

S-TOP Spontaneous termination of pregnancy

TIDM Type 1 diabetes mellitus

B Tuberculosis

TOP Termination of pregnancy

T™VU Transvaginal ultrasound

WHO World Health Organization

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512916-023-03171-4.

Additional file 1. Search Strategy for Umbrella Review.
Additional file 2. Details of the comparisons.
Additional file 3. Details of the comparisons with robust evidence.

Additional file 4. Details of the protective factors.

Acknowledgements
This paper is dedicated to the memory of our dear friend and colleague Evan-
gelos Evangelou who passed away in July 2023.

Authors’ contributions

GM, SP, EE, and AE conceptualized the idea for the manuscript. IM, EE, AE, TK,
EB, GM, and SP contributed to the methods for the paper. SP and IM drafted
the manuscript under the supervision of EE and GM. All authors read and
approved the final manuscript. SP is the guarantor of this manuscript and is
responsible for the overall content. The corresponding author attests that all
listed authors meet authorship criteria and that no others meeting the criteria
have been omitted.

Funding

Stefania Papatheodorou is supported by the National Institute of Environmen-
tal Health Sciences of the National Institutes of Health under Award Number
ROTES034038.

Availability of data and materials

Relevant data to our study are mainly included in the article, tables, and
supplemental material. However, we will share the original dataset after
reasonable requests.

Declarations

Ethics approval and consent to participate
No patients or members of the public were directly involved in this study as
no primary data were collected.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
'Department of Obstetrics & Gynecology, General Hospital of Arta, 47100 Arta,
Greece. “Department of Epidemiology and Biostatistics, Imperial College


https://doi.org/10.1186/s12916-023-03171-4
https://doi.org/10.1186/s12916-023-03171-4

Mitrogiannis et al. BMC Medicine

(2023) 21:494

London, London SW7 2AZ, UK. *Department of Hygiene and Epidemiology,
University of loannina Medical School, 45110 loannina, Greece. “Harris Birth-
right Research Centre for Fetal Medicine, King's College London, London SE5
8BB, UK. 5Department of Women and Children Health, NHS Foundation Trust,
Guy's and St Thomas, London SE1 7EH, UK. ®University of loannina Medical
School, 45110 loannina, Greece. 7Depar‘[ment of Obstetrics & Gynecology,
University Hospital of loannina, 45110 loannina, Greece. ®Department of Epi-
demiology, Harvard TH. Chan School of Public Health, Boston, MA 02115, USA.

Received: 12 July 2023 Accepted: 9 November 2023
Published online: 13 December 2023

References

1.

Institute of Medicine (US) Committee on Understanding Premature
Birth and Assuring Healthy Outcomes. Preterm birth: causes, conse-
quences, and prevention. Washington (DC): National Academies Press
(US); 2007.

Goldenberg RL, Culhane JF, lams JD, Romero R. Epidemiology and
causes of preterm birth. The Lancet. 2008;371:75-84.

Preterm birth. https://www.who.int/news-room/fact-sheets/detail/
preterm-birth. Accessed 6 Jul 2023.

Menzies R, Li ALK, Melamed N, Shah PS, Horn D, Barrett J, et al. Risk of
singleton preterm birth after prior twin preterm birth: a systematic
review and meta-analysis. Am J Obstet Gynecol. 2020;223:204.e1-204.
e8.

Romero R, Dey SK, Fisher SJ. Preterm labor: one syndrome, many causes.
Science. 2014;345:760-5.

Wang A, Liu C,Wang Y, Yin A, Wu J, Zhang C, et al. Pregnancy outcomes
after human papillomavirus vaccination in periconceptional period or
during pregnancy: a systematic review and meta-analysis. Hum Vaccin
Immunother. 2020;16:581-9.

Niyibizi J, Zanré N, Mayrand M-H, Trottier H. Association between mater-
nal human papillomavirus infection and adverse pregnancy outcomes:
systematic review and meta-analysis. J Infect Dis. 2020,221:1925-37.
Ziv A, Masarwa R, Perlman A, Ziv D, Matok I. Pregnancy outcomes
following exposure to quinolone antibiotics—a systematic-review and
meta-analysis. Pharm Res. 2018;35:109.

Chakraborty J, Kong JC, Su WK, Gourlas P, Gillespie C, Slack T, et al.
Safety of laparoscopic appendicectomy during pregnancy: a systematic
review and meta-analysis. ANZ J Surg. 2019,89:1373-8.

loannidis JPA. Integration of evidence from multiple meta-analyses: a
primer on umbrella reviews, treatment networks and multiple treat-
ments meta-analyses. CMAJ. 2009;181:488-93.

Tsilidis KK, Papatheodorou SI, Evangelou E, loannidis JPA. Evaluation of
excess statistical significance in meta-analyses of 98 biomarker associa-
tions with cancer risk. J Natl Cancer Inst. 2012;104:1867-78.

Belbasis L, Bellou V, Evangelou E, loannidis JPA, Tzoulaki . Environ-
mental risk factors and multiple sclerosis: an umbrella review of sys-
tematic reviews and meta-analyses. Lancet Neurol. 2015;14:263-73.
Bellou V, Belbasis L, Tzoulaki |, Evangelou E, loannidis JPA. Environ-
mental risk factors and Parkinson'’s disease: an umbrella review of
meta-analyses. Parkinsonism Relat Disord. 2016,23:1-9.

Belbasis L, Bellou V, Evangelou E. Environmental risk factors and
amyotrophic lateral sclerosis: an umbrella review and critical assess-
ment of current evidence from systematic reviews and meta-analy-
ses of observational studies. Neuroepidemiology. 2016;46:96-105.
Lau J, loannidis JP, Schmid CH. Quantitative synthesis in systematic
reviews. Ann Intern Med. 1997;127:820-6.

DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin
Trials. 1986;7:177-88.

Riley RD, Higgins JPT, Deeks JJ. Interpretation of random effects
meta-analyses. BMJ. 2011;342: d549.

Higgins JPT, Thompson SG, Spiegelhalter DJ. A re-evaluation

of random-effects meta-analysis. J R Stat Soc Ser A Stat Soc.
2009;172:137-59.

Cohen J. A power primer. Psychol Bull. 1992;112:155-9.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33

34.

35.

36.

37.

38.

39.

40.

42.

43.

Page 14 of 17

Higgins JPT, Thompson SG. Quantifying heterogeneity in a meta-
analysis. Stat Med. 2002;21:1539-58.

loannidis JPA, Patsopoulos NA, Evangelou E. Uncertainty in heteroge-
neity estimates in meta-analyses. BMJ. 2007;335:914-6.

Sterne JAC, Sutton AJ, loannidis JPA, Terrin N, Jones DR, Lau J, et al.
Recommendations for examining and interpreting funnel plot
asymmetry in meta-analyses of randomised controlled trials. BMJ.
2011;343: d4002.

Egger M, Smith GD, Schneider M, Minder C. Bias in meta-analysis
detected by a simple, graphical test. BMJ. 1997,315:629-34.

loannidis JP, Trikalinos TA. An exploratory test for an excess of significant
findings. Clin Trials. 2007;4:245-53.

Lubin JH, Gail MH. On power and sample size for studying features of
the relative odds of disease. Am J Epidemiol. 1990;131:552-66.
Papatheodorou S. Umbrella reviews: what they are and why we need
them. Eur J Epidemiol. 2019;34:543-6.

Belbasis L, Mavrogiannis MC, Emfietzoglou M, Evangelou E. Environmen-
tal factors, serum biomarkers and risk of atrial fibrillation: an exposure-
wide umbrella review of meta-analyses. Eur J Epidemiol. 2020;35:223-39.
Markozannes G, Tzoulaki |, Karli D, Evangelou E, Ntzani E, Gunter MJ,

et al. Diet, body size, physical activity and risk of prostate cancer: an
umbrella review of the evidence. Eur J Cancer. 2016:69:61-9.

Li X, Meng X, Timofeeva M, Tzoulaki |, Tsilidis KK, loannidis JP, et al.
Serum uric acid levels and multiple health outcomes: umbrella review
of evidence from observational studies, randomised controlled trials,
and Mendelian randomisation studies. BMJ. 2017;357:j2376.

Solmi M, Correll CU, Carvalho AF, loannidis JPA. The role of meta-
analyses and umbrella reviews in assessing the harms of psychotropic
medications: beyond qualitative synthesis. Epidemiol Psychiatr Sci.
2018;27:537-42.

loannidis JPA, Tarone R, McLaughlin JK. The False-positive to false-nega-
tive ratio in epidemiologic studies. Epidemiology. 2011;22:450.

Johnson DDP, Blumstein DT, Fowler JH, Haselton MG. The evolution of
error: error management, cognitive constraints, and adaptive decision-
making biases. Trends Ecol Evol. 2013;28:474-81.

Sterne JA, Davey Smith G. Sifting the evidence—what’s wrong with
significance tests? BMJ. 2001;322(7280):226-31.

Janiaud P, Agarwal A, Tzoulaki |, Theodoratou E, Tsilidis KK, Evangelou E,
et al. Validity of observational evidence on putative risk and protec-
tive factors: appraisal of 3744 meta-analyses on 57 topics. BMC Med.
2021;19:157.

Guyatt G, Oxman AD, Akl EA, Kunz R, Vist G, Brozek J, et al. GRADE
guidelines: 1. Introduction-GRADE evidence profiles and summary of
findings tables. J Clin Epidemiol. 2011;64:383-94.

Whiting P, Savovic J, Higgins JPT, Caldwell DM, Reeves BC, Shea B, et al.
ROBIS: a new tool to assess risk of bias in systematic reviews was devel-
oped. J Clin Epidemiol. 2016;69:225-34.

Etwel F, Faught LH, Rieder MJ, Koren G. The risk of adverse pregnancy
outcome after first trimester exposure to H1 antihistamines: a system-
atic review and meta-analysis. Drug Saf. 2017;40:121-32.

Coughlin CG, Blackwell KA, Bartley C, Hay M, Yonkers KA, Bloch MH.
Obstetric and neonatal outcomes after antipsychotic medication expo-
sure in pregnancy. Obstet Gynecol. 2015;125:1224-35.

Donovan B, Spracklen C, Schweizer M, Ryckman K, Saftlas A. Intimate
partner violence during pregnancy and the risk for adverse infant out-
comes: a systematic review and meta-analysis. BJOG. 2016;123:1289-99.
Tang R, Ye X, Chen S, Ding X, Lin Z, Zhu J. Pregravid oral contraceptive
use and the risk of preterm birth, low birth weight, and spontaneous
abortion: a systematic review and meta-analysis. ] Womens Health
(Larchmt). 2020;29:570-6.

van der Kooi ALLF, Kelsey TW, van den Heuvel-Eibrink MM, Laven

JSE, Wallace WHB, Anderson RA. Perinatal complications in female
survivors of cancer: a systematic review and meta-analysis. Eur J Cancer.
2019;111:126-37.

de los Reyes S, Henderson J, Eke AC. A systematic review and meta-
analysis of velamentous cord insertion among singleton pregnancies
and the risk of preterm delivery. Int J Gynecol Obstet. 2018;142:9-14.
Vahanian SA, Lavery JA, Ananth CV, Vintzileos A. Placental implantation
abnormalities and risk of preterm delivery: a systematic review and
metaanalysis. Am J Obstet Gynecol. 2015;213(4 Suppl):S78-90.


https://www.who.int/news-room/fact-sheets/detail/preterm-birth
https://www.who.int/news-room/fact-sheets/detail/preterm-birth

Mitrogiannis et al. BMC Medicine

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

(2023) 21:494

Butalia S, Gutierrez L, Lodha A, Aitken E, Zakariasen A, Donovan L. Short-
and long-term outcomes of metformin compared with insulin alone
in pregnancy: a systematic review and meta-analysis. Diabet Med.
2017,34:27-36.

Xiang L-J, Wang Y, Lu G-Y, Huang Q. Association of the presence of
microangiopathy with adverse pregnancy outcome in type 1 diabetes:
a meta-analysis. Taiwan J Obstet Gynecol. 2018;57:659-64.

ChanYY, Jayaprakasan K, Tan A, Thornton JG, Coomarasamy A, Raine-
Fenning NJ. Reproductive outcomes in women with congenital
uterine anomalies: a systematic review. Ultrasound Obstet Gynecol.
2011,38:371-82.

Wahabi HA, Fayed A, Esmaeil S, Elmorshedy H, Titi MA, Amer YS, et al.
Systematic review and meta-analysis of the effectiveness of pre-
pregnancy care for women with diabetes for improving maternal and
perinatal outcomes. PLoS ONE. 2020;15: €0237571.

Liu G, Sun J, LiuY, Liang H, Wang M, Wang C, et al. Different exposure
levels of fine particulate matter and preterm birth: a meta-analysis
based on cohort studies. Environ Sci Pollut Res. 2017;24:17976-84.
Schaaf JM, Liem SM, Mol BW, Abu-Hanna A, Ravelli AC. Ethnic and racial
disparities in the risk of preterm birth: a systematic review and meta-
analysis. Am J Perinatol. 2013;30(6):433-50. https://doi.org/10.1055/s-
0032-1326988.

Shah PS, Zao J, Al-Wassia H, Shah V, Knowledge Synthesis Group

on Determinants of Preterm/LBW Births. Pregnancy and neonatal
outcomes of aboriginal women: a systematic review and meta-analysis.
Womens Health Issues. 2011;21:28-39.

Saraswat L, Bhattacharya S, Maheshwari A, Bhattacharya S. Maternal
and perinatal outcome in women with threatened miscarriage in the
first trimester: a systematic review. BJOG. 2010;117:245-57.

Shah PS, Zao J, Ali S, Knowledge Synthesis Group of Determinants

of preterm/LBW births. Maternal marital status and birth outcomes:

a systematic review and meta-analyses. Matern Child Health J.
2011;15:1097-109.

Ladhani NNN, Shah PS, Murphy KE, Knowledge Synthesis Group on
Determinants of Preterm/LBW Births. Prenatal amphetamine exposure
and birth outcomes: a systematic review and metaanalysis. Am J Obstet
Gynecol. 2011;205(219):e1-7.

Veenendaal M, van Abeelen A, Painter R, van der Post J, Roseboom T.
Consequences of hyperemesis gravidarum for offspring: a systematic
review and meta-analysis. BJOG. 2011;118:1302-13.

Marchenko A, Etwel F, Olutunfese O, Nickel C, Koren G, Nulman I. Preg-
nancy outcome following prenatal exposure to triptan medications: a
meta-analysis. Headache. 2015;55:490-501.

Kaplan YC, Ozsarfati J, Etwel F, Nickel C, Nulman |, Koren G. Pregnancy
outcomes following first-trimester exposure to topical retinoids: a
systematic review and meta-analysis. Br J Dermatol. 2015;173:1132-41.
Conner SN, Bedell V, Lipsey K, Macones GA, Cahill AG, Tuuli MG. Mater-
nal marijuana use and adverse neonatal outcomes: a systematic review
and meta-analysis. Obstet Gynecol. 2016;128:713-23.

Sobhy S, Babiker Z, Zamora J, Khan K, Kunst H. Maternal and perinatal
mortality and morbidity associated with tuberculosis during pregnancy
and the postpartum period: a systematic review and meta-analysis.
BJOG. 2017;124:727-33.

Wolf HT, Hegaard HK, Huusom LD, Pinborg AB. Multivitamin use and
adverse birth outcomes in high-income countries: a systematic review
and meta-analysis. Am J Obstet Gynecol. 2017,217:404.e1-404.e30.

Kim HJ, Kim J-H, Chay DB, Park JH, Kim M-A. Association of isolated
single umbilical artery with perinatal outcomes: systemic review and
meta-analysis. Obstet Gynecol Sci. 2017,60:266-73.

Caissutti C, Familiari A, Khalil A, Flacco ME, Manzoli L, Scambia G,

et al. Small fetal thymus and adverse obstetrical outcome: a sys-
tematic review and a meta-analysis. Acta Obstet Gynecol Scand.
2018,97:111-21.

Jarde A, Lewis-Mikhael A-M, Moayyedi P, Stearns JC, Collins SM, Beyene
J, et al. Pregnancy outcomes in women taking probiotics or prebiot-
ics: a systematic review and meta-analysis. BMC Pregnancy Childbirth.
2018;18:14.

Liu N, Li P Wang J, Chen D, Sun' W, Zhang W. Effects of home visits

for pregnant and postpartum women on premature birth, low birth
weight and rapid repeat birth: a meta-analysis and systematic review of
randomized controlled trials. Fam Pract. 2019;36:533-43.

64.

65.

66.

67.

68.

69.

70.

71

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

Page 150f 17

Liu L, Sun D. Pregnancy outcomes in patients with primary antiphos-
pholipid syndrome: a systematic review and meta-analysis. Medicine.
2019;98: e15733.

Matenchuk B, Khurana R, Cai C, Boulé NG, Slater L, Davenport MH.
Prenatal bed rest in developed and developing regions: a systematic
review and meta-analysis. Canadian Medical Association Open Access
Journal. 2019;7:E435-45.

Mohan M, Antonios A, Konje J, Lindow S, Ahmed Syed M, Akobeng A.
Stillbirth and associated perinatal outcomes in obstetric cholestasis:

a systematic review and meta-analysis of observational studies. Eur J
Obstet Gynecol Reprod Biol X. 2019;3: 100026.

Thompson JM, Eick SM, Dailey C, Dale AP, Mehta M, Nair A, et al.
Relationship between pregnancy-associated malaria and adverse preg-
nancy outcomes: a systematic review and meta-analysis. J Trop Pediatr.
2020;66:327-38.

Mengistu TS, Turner JM, Flatley C, Fox J, Kumar S. The impact of severe
maternal morbidity on perinatal outcomes in high income countries:
systematic review and meta-analysis. J Clin Med. 2020;9:2035.

Taylor L, Claire R, Campbell K, Coleman-Haynes T, Leonardi-Bee J,
Chamberlain C, et al. Fetal safety of nicotine replacement therapy

in pregnancy: systematic review and meta-analysis. Addiction.
2021;116:239-77.

Marshall CA, Jomeen J, Huang C, Martin CR. The relationship between
maternal personality disorder and early birth outcomes: a systematic
review and meta-analysis. Int J Environ Res Public Health. 2020;17:5778.
Amezcua-Prieto C, Ross J, Rogozinska E, Mighiu P, Martinez-Ruiz V, Brohi
K, et al. Maternal trauma due to motor vehicle crashes and pregnancy
outcomes: a systematic review and meta-analysis. BMJ Open. 2020;10:
e035562.

Zhang Y, Xun P, Chen C, Lu L, Shechter M, Rosanoff A, et al. Magnesium
levels in relation to rates of preterm birth: a systematic review and
meta-analysis of ecological, observational, and interventional studies.
Nutr Rev. 2021;79:188-99.

Allen CP, Marconi N, McLernon DJ, Bhattacharya S, Maheshwari A.
Outcomes of pregnancies using donor sperm compared with those
using partner sperm: systematic review and meta-analysis. Hum Reprod
Update. 2021;27:190-211.

Corbella S, Taschieri S, Del Fabbro M, Francetti L, Weinstein R, Ferrazzi E.
Adverse pregnancy outcomes and periodontitis: a systematic review
and meta-analysis exploring potential association. Quintessence Int.
2016;47:193-204.

Lutsiv O, Mah J, Beyene J, McDonald SD. The effects of morbid obesity
on maternal and neonatal health outcomes: a systematic review and
meta-analyses. Obes Rev. 2015;16:531-46.

Yi X, Li Q Zhang J, Wang Z. A meta-analysis of maternal and fetal
outcomes of pregnancy after bariatric surgery. Int J Gynecol Obstet.
2015;130:3-9.

Han Z, Lutsiv O, Mulla S, McDonald SD. Maternal height and the risk

of preterm birth and low birth weight: a systematic review and meta-
analyses. J Obstet Gynaecol Can. 2012;34:721-46.

Rumbold A, Ota E, Nagata C, Shahrook S, Crowther CA. Vitamin

C supplementation in pregnancy. Cochrane Database Syst Rev.
2015;(9):CD004072. https://doi.org/10.1002/14651858.CD004072.pub3.
Gouin K, Murphy K, Shah PS, Knowledge Synthesis group on Determi-
nants of Low Birth Weight and Preterm Births. Effects of cocaine use
during pregnancy on low birthweight and preterm birth: systematic
review and metaanalyses. Am J Obstet Gynecol. 2011;204(340):e1-12.
Brown NT, Turner JM, Kumar S. The intrapartum and perinatal risks of
sleep-disordered breathing in pregnancy: a systematic review and
metaanalysis. Am J Obstet Gynecol. 2018;219:147-161.e1.

Murphy VE, Clifton VL, Gibson PG. Asthma exacerbations during preg-
nancy: incidence and association with adverse pregnancy outcomes.
Thorax. 2006;61:169-76.

Simoncic V, Enaux C, Deguen S, Kihal-Talantikite W. Adverse birth out-
comes related to NO2 and PM exposure: European Systematic Review
and Meta-Analysis. Int J Environ Res Public Health. 2020;17:8116.

Patra J, Bakker R, Irving H, Jaddoe V, Malini S, Rehm J. Dose-response
relationship between alcohol consumption before and during preg-
nancy and the risks of low birthweight, preterm birth and small for
gestational age (SGA)—a systematic review and meta-analyses. BJOG.
2011;118:1411-21.


https://doi.org/10.1055/s-0032-1326988
https://doi.org/10.1055/s-0032-1326988
https://doi.org/10.1002/14651858.CD004072.pub3

Mitrogiannis et al. BMC Medicine

84.

85.

86.

87.

88.

89.

90.

92.

93.

94,

95.

96.

97.

98.

99.

100.

102.

104.

(2023) 21:494

Silver BJ, Guy RJ, Kaldor JM, Jamil MS, Rumbold AR. Trichomonas
vaginalis as a cause of perinatal morbidity: a systematic review and
meta-analysis. Sex Transm Dis. 2014;41:369.

Reboucas KF, Eleutério Jr JE, Peixoto RC, Costa APF, Cobucci RN,
Gongalves AK. Treatment of bacterial vaginosis before 28 weeks of
pregnancy to reduce the incidence of preterm labor. Int J Gynecol
Obstet. 2019;146:271-6.

Alviggi C, Conforti A, Carbone IF, Borrelli R, de Placido G, Guerriero S.
Influence of cryopreservation on perinatal outcome after blastocyst- vs
cleavage-stage embryo transfer: systematic review and meta-analysis.
Ultrasound Obstet Gynecol. 2018;51:54-63.

Grady R, Alavi N, Vale R, Khandwala M, McDonald SD. Elective single
embryo transfer and perinatal outcomes: a systematic review and
meta-analysis. Fertil Steril. 2012,97:324-31.

Kamath MS, Kirubakaran R, Mascarenhas M, Sunkara SK. Perinatal out-
comes after stimulated versus natural cycle IVF: a systematic review and
meta-analysis. Reprod Biomed Online. 2018;36:94-101.

Yang M, Lin L, Sha C, LiT, Gao W, Chen L, et al. Which is better for
mothers and babies: fresh or frozen-thawed blastocyst transfer? BMC
Pregnancy Childbirth. 2020;20:559.

Leitich H, Kiss H. Asymptomatic bacterial vaginosis and intermediate
flora as risk factors for adverse pregnancy outcome. Best Pract Res Clin
Obstet Gynaecol. 2007;21:375-90.

Lalani S, Choudhry AJ, Firth B, Bacal V, Walker M, Wen SW, et al. Endome-
triosis and adverse maternal, fetal and neonatal outcomes, a systematic
review and meta-analysis. Hum Reprod. 2018;33:1854-65.

Morency A-M, Bujold E. The effect of second-trimester antibiotic ther-
apy on the rate of preterm birth. J Obstet Gynaecol Can. 2007;29:35-44.
Wagle M, D’Antonio F, Reierth E, Basnet P, Trovik TA, Orsini G, et al. Dental
caries and preterm birth: a systematic review and meta-analysis. BMJ
Open. 2018;8: e018556.

Tersigni C, Castellani R, de Waure C, Fattorossi A, De Spirito M, Gasbarrini
A, et al. Celiac disease and reproductive disorders: meta-analysis of
epidemiologic associations and potential pathogenic mechanisms.
Hum Reprod Update. 2014;20:582-93.

Ong S, Zamora J, Khan K, Kilby M. Prognosis for the co-twin following
single-twin death: a systematic review. BJOG. 2006;113:992-8.

Carter EB, Temming LA, Akin J, Fowler S, Macones GA, Colditz GA, et al.
Group prenatal care compared with traditional prenatal care: a system-
atic review and meta-analysis. Obstet Gynecol. 2016;128:551.

Berghella V, Baxter JK, Hendrix NW. Cervical assessment by ultra-

sound for preventing preterm delivery. Cochrane Database Syst Rev.
2013;2013(1):CD007235. https://doi.org/10.1002/14651858.CD007235.
pub3. Update in: Cochrane Database Syst Rev. 2019;9:CD007235.
Saccone G, Perriera L, Berghella V. Prior uterine evacuation of pregnancy
as independent risk factor for preterm birth: a systematic review and
metaanalysis. Am J Obstet Gynecol. 2016;214:572-91.

Sheehan PM, Nankervis A, Araujo Junior E, Da Silva CF. Maternal thyroid
disease and preterm birth: systematic review and meta-analysis. J Clin
Endocrinol Metab. 2015;100:4325-31.

Parizad Nasirkandy M, Badfar G, Shohani M, Rahmati S, YektaKooshali
MH, Abbasalizadeh S, et al. The relation of maternal hypothyroid-

ism and hypothyroxinemia during pregnancy on preterm birth: An
updated systematic review and meta-analysis. Int J Reprod Biomed.
2017;15:543-52.

Sun X, Hou N, Wang H, Ma L, Sun J, Liu Y. A meta-analysis of pregnancy
outcomes with levothyroxine treatment in euthyroid women with
thyroid autoimmunity. J Clin Endocrinol Metab. 2020;105:1009-19.
Shah PS, Births on behalf of KSG on D of L. Parity and low birth weight
and preterm birth: a systematic review and meta-analyses. Acta Obste-
tricia et Gynecologica Scandinavica. 2010,89:862-75.

Leader J, Bajwa A, Lanes A, Hua X, White RR, Rybak N, et al. The effect

of very advanced maternal age on maternal and neonatal outcomes: a
systematic review. J Obstet Gynaecol Can. 2018;40:1208-18.

Zhang J-J, Ma X-X, Hao L, Liu L-J, Lv J-C, Zhang H. A systematic review
and meta-analysis of outcomes of pregnancy in CKD and CKD out-
comes in pregnancy. Clin J Am Soc Nephrol. 2015;10:1964.

Han Z, Mulla S, Beyene J, Liao G, McDonald SD, Knowledge Synthesis
Group. Maternal underweight and the risk of preterm birth and low
birth weight: a systematic review and meta-analyses. Int J Epidemiol.
2011;40:65-101.

106.

107.

108.

112.

113.

115.

116.

123.

124.

125.

Page 16 of 17

McDonald SD, Han Z, Mulla S, Lutsiv O, Lee T, Beyene J, et al. High
gestational weight gain and the risk of preterm birth and low birth
weight: a systematic review and meta-analysis. J Obstet Gynaecol Can.
2011;33:1223-33.

Han Z, Lutsiv O, Mulla S, Rosen A, Beyene J, Mcdonald SD, et al. Low
gestational weight gain and the risk of preterm birth and low birth-
weight: a systematic review and meta-analyses. Acta Obstet Gynecol
Scand. 2011;90:935-54.

Kangatharan C, Labram S, Bhattacharya S. Interpregnancy interval
following miscarriage and adverse pregnancy outcomes: systematic
review and meta-analysis. Hum Reprod Update. 2017;23:221-31.
Danhof NA, Kamphuis El, Limpens J, van Lonkhuijzen LRCW, Pajkrt E,
Mol BWJ. The risk of preterm birth of treated versus untreated cervical
intraepithelial neoplasia (CIN): a systematic review and meta-analysis.
Eur J Obstet Gynecol Reprod Biol. 2015;188:24-33.

Zhou S-S, Tao Y-H, Huang K, Zhu B-B, Tao F-B. Vitamin D and risk of
preterm birth: Up-to-date meta-analysis of randomized controlled
trials and observational studies. Journal of Obstetrics and Gynaecology
Research. 2017;43:247-56.

Conner SN, Frey HA, Cahill AG, Macones GA, Colditz GA, Tuuli MG. Loop
electrosurgical excision procedure and risk of preterm birth: a system-
atic review and meta-analysis. Obstet Gynecol. 2014;123:752-61.
Kyrgiou M, Athanasiou A, Paraskevaidi M, Mitra A, Kalliala I, Martin-
Hirsch P, et al. Adverse obstetric outcomes after local treatment for
cervical preinvasive and early invasive disease according to cone depth:
systematic review and meta-analysis. BMJ. 2016;354:13633.

Lee KJ, Moon H, Yun HR, Park EL, Park AR, Choi H, et al. Greenness, civil
environment, and pregnancy outcomes: perspectives with a systematic
review and meta-analysis. Environ Health. 2020;19:91.

Sun X, Luo X, Zhao C, Chung Ng RW, Lim CED, Zhang B, et al. The associ-
ation between fine particulate matter exposure during pregnancy and
preterm birth: a meta-analysis. BMC Pregnancy Childbirth. 2015;15:300.
Bahri Khomami M, Joham AE, Boyle JA, Piltonen T, Arora C, Silagy M,

et al. The role of maternal obesity in infant outcomes in polycystic ovary
syndrome—a systematic review, meta-analysis, and meta-regression.
Obes Rev. 2019;20:842-58.

World Health Organization. Report of a WHO technical consultation on
birth spacing: Geneva. Switzerland: World Health Organization; 2007.
13-15 June 2005.

Wong LF, Schliep KC, Silver RM, Mumford SL, Perkins NJ, Ye A, et al.

The effect of a very short interpregnancy interval and pregnancy
outcomes following a previous pregnancy loss. Am J Obstet Gynecol.
2015;212(375):e1-11.

El Behery MM, Siam S, Seksaka MA, Ibrahim ZM. Reproductive
performance in the next pregnancy for nulliparous women with
history of first trimester spontaneous abortion. Arch Gynecol Obstet.
2013;288:939-44.

Love ER, Bhattacharya S, Smith NC, Bhattacharya S. Effect of interpreg-
nancy interval on outcomes of pregnancy after miscarriage: retrospec-
tive analysis of hospital episode statistics in Scotland. BMJ. 2010;341:
€3967.

Conde-Agudelo A, Belizan J m, Breman R, Brockman S ¢, Rosas-
Bermudez A. Effect of the interpregnancy interval after an abortion on
maternal and perinatal health in Latin America. Int J Gynecol Obstet.
2005;89:534-40.

Ball SJ, Pereira G, Jacoby P, de Klerk N, Stanley FJ. Re-evaluation of

link between interpregnancy interval and adverse birth outcomes:
retrospective cohort study matching two intervals per mother. BMJ.
2014;349: g4333.

Hanley GE, Hutcheon JA, Kinniburgh BA, Lee L. Interpregnancy interval
and adverse pregnancy outcomes: an analysis of successive pregnan-
cies. Obstet Gynecol. 2017;129:408-15.

Smits LJ, Essed GG. Short interpregnancy intervals and unfavourable
pregnancy outcome: role of folate depletion. Lancet. 2001;358:2074-7.
Edlow AG, Srinivas SK, Elovitz MA. Second-trimester loss and subse-
quent pregnancy outcomes: What is the real risk? Am J Obstet Gynecol.
2007;197(581):e1-6.

DaVanzo J, Hale L, Razzaque A, Rahman M. Effects of interpregnancy
interval and outcome of the preceding pregnancy on pregnancy
outcomes in Matlab Bangladesh. BJOG. 2007;114:1079-87.


https://doi.org/10.1002/14651858.CD007235.pub3
https://doi.org/10.1002/14651858.CD007235.pub3

Mitrogiannis et al. BMC Medicine (2023) 21:494 Page 17 of 17

126. Tessema GA, Haberg SE, Pereira G, Regan AK, Dunne J, Magnus MC.
Interpregnancy interval and adverse pregnancy outcomes among
pregnancies following miscarriages or induced abortions in Norway
(2008-2016): a cohort study. PLoS Med. 2022;19: e1004129.

127. Lamb EH.The impact of previous perinatal loss on subsequent preg-
nancy and parenting. J Perinat Educ. 2002;11:33-400.

128. Stepp SD, Whalen DJ, Pilkonis PA, Hipwell AE, Levine MD. Children of
mothers with borderline personality disorder: Identifying parenting
behaviors as potential targets for intervention. Personal Disord Theory
Res Treat. 2012;3:76-91.

129. Petfield L, Startup H, Droscher H, Cartwright-Hatton S. Parenting in
mothers with borderline personality disorder and impact on child
outcomes. BMJ Ment Health. 2015;18:67-75.

130. Averbach SH, Seidman D, Steinauer J, Darney P. Re: Prior uterine evacu-
ation of pregnancy as independent risk factor for preterm birth: a
systematic review and metaanalysis. Am J Obstet Gynecol. 2017;216:87.

131.  Atkinson RL, Pietrobelli A, Uauy R, Macdonald IA. Are we attacking the
wrong targets in the fight against obesity?: the importance of interven-
tion in women of childbearing age. Int J Obes (Lond). 2012;36:1259-60.

132. Catov JM, Wu CS, Olsen J, Sutton-Tyrrell K, Li J, Nohr EA. Early or
recurrent preterm birth and maternal cardiovascular disease risk. Ann
Epidemiol. 2010;20:604-9.

133. Catov JM, Dodge R, Barinas-Mitchell E, Sutton-Tyrrell K, Yamal JM, Piller
LB, et al. Prior preterm birth and maternal subclinical cardiovascular
disease 4 to 12 years after pregnancy. J Womens Health (Larchmt).
2013;22:835-43.

134. Hobel CJ, Dolan SM, Hindoyan NA, Zhong N, Menon R. History of the
establishment of the Preterm Birth international collaborative (PREBIC).
Placenta. 2019;79:3-20.

135. Tanz LJ, Stuart JJ, Williams PL, Rimm EB, Missmer SA, Rexrode KM, et al.
Preterm delivery and maternal cardiovascular disease in young and
middle-aged adult women. Circulation. 2017;135:578-89.

136. Markozannes G, Pantavou K, Rizos EC, Sindosi OA, Tagkas C, Seyfried M,
et al. Outdoor air quality and human health: an overview of reviews of
observational studies. Environ Pollut. 2022;306: 119309.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	Risk factors for preterm birth: an umbrella review of meta-analyses of observational studies
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 
	Trial registration 

	Background
	Methods
	Search strategy
	Eligibility criteria and data extraction
	Assessment of summary effect and heterogeneity
	Assessment of small-study effects
	Excess statistical significance evaluation
	Grading of evidence

	Results
	Description of eligible meta-analyses
	Summary effect sizes and significant findings
	Between-study heterogeneity and prediction intervals
	Small-study effects
	Test of excess statistical significance
	Grading of evidence

	Discussion
	Interpretation in the light of evidence
	Interpregnancy intervals
	Sleep disorders and mental health
	Clinical practice and medical history
	Environment
	Strengths and limitations

	Conclusions
	Anchor 31
	Acknowledgements
	References


