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a b s t r a c t

This article is a part of a series that focuses on the current state of
evidence and practice related to preterm birth prevention. We
provide an overview of current knowledge (and limitations) on
the global epidemiology of preterm birth, particularly around how
preterm birth is defined, measured, and classified, and what is
known regarding its risk factors, causes, and outcomes. Despite the
reported associations between preterm birth and a wide range of
socio-demographic, medical, obstetric, fetal, and environmental
factors, approximately two-thirds of preterm births occur without
an evident risk factor. Efforts to standardize definitions and
compare preterm birth rates internationally have yielded impor-
tant insights into the epidemiology of preterm birth and how it
could be prevented.

© 2018 Published by Elsevier Ltd.
How is preterm birth defined?

The World Health Organization (WHO) defines preterm birth as births before 37 completed weeks
of gestation or fewer than 259 days from the first date of a woman's last menstrual period (LMP) [1]. It
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is a condition defined by the failure of a gestation to reach a certain length of time, rather than by the
presence of specific signs or symptoms [2]. Depending on one's point of view, preterm birth may be
considered as an adverse pregnancy outcome (where a fetus is unable to fulfill its in utero growth
potential) or a preferred outcome (e.g., where a miscarriage or nonviable prematurity has been
successfully avoided). Even in healthy womenwith low-risk pregnancies, a proportion of babies can be
expected to be born preterm. For example, aWHO-ledmulticenter study assessed fetal growth through
serial ultrasound examinations in 1387 well-nourished women with low-risk pregnancies and
reported preterm birth rates ranging from 3.6% in Germany to 14.7% in Egypt [3]. In the multicountry
fetal growth longitudinal study (INTERGROWTH) that involved 4321 healthy pregnancies, the preterm
birth rate was 5% [4]. For the newborn, preterm birth is a risk factor that has an impact on health,
welfare, and development in adult life.

Fetal development is a continuum; some normal variation in fetal growth between individuals is to
be expected. A specific cut-off (such as <37 weeks) that classifies all women or babies into two,
mutually exclusive groups is convenient for epidemiology and research; however, a group of preterm
fetuses will inevitably contain some that are more developmentally advanced than others. In aggre-
gate, the mortality and morbidity outcomes of infants who are born preterm are poorer than those of
those who are born at term, with the worst outcomes seen in the shortest gestations [5,6]. The <37
week cut-off for preterm birth is somewhat arbitrary, as some adverse health outcomes for babies born
at 37 and 38 weeks are significantly higher than for those born at 39 and 40 weeks [2,7]. This has led to
the distinction between “early term” and “full term,” which can be important when communicating
with women about pregnancy duration and risk [8,9].

How is gestational age measured?

The method by which a pregnant woman's gestational age (GA) is determined is an important
factor. In general, in pregnancy, the later the GA is estimated, the greater is the uncertainty [10]. Early
pregnancy ultrasound is considered the gold standard for GA assessment. Other methods such as
calculation from the date of LMP, symphysisefundal height measurement, postnatal examination of
the newborn, or use of birthweight as a GA surrogate are often used in settings without access
to ultrasound or with low rates of early antenatal care (ANC) participation [11]. Many settings use a
“best obstetric estimate” (OE) of GA, using a combination algorithm of ultrasound and LMP; however,
the specifics of that algorithm can vary [12].

Different GA estimation methods have been shown to affect population-level preterm birth rates.
Barradas et al. analyzed 165,148 singleton births in California and demonstrated that the prevalence of
preterm birth was higher when early ultrasound was used (8.1%) than when the best OE was used
(7.1%) [13]. Similarly, the USA national reporting of preterm birth for 2014 has moved away from the
historical LMP-based approach, in favor of OE of gestation at birth. The 2015 preterm birth rate for the
USA (based on OE-based data) was 9.62%, whereas the LMP-based data for the same year were 11.29%
[14]. The impact of the GA assessment method on estimating preterm birth rates, as well as comparing
rates between countries, is thus likely a significant confounder.

Another important variation is the definition of the lower GA threshold of viability. For the purposes
of preterm birth reporting, the International Classification of Diseases (ICD-10) system does not state a
lower limit for fetal viability, rather advises that “signs of life” should define a live birth (regardless of
GA) [15]. For international comparisons of stillbirth rates, WHO employs a definition of late fetal
deaths, defined as stillbirths of birthweight � 1000 g, or if birthweight is unknown, stillbirths at �28
weeks of gestation [16]. In many (but certainly not all) lower resource settings, 28 weeks is a common
threshold for fetal viability, whereas in higher resource settings, 23e24 weeks is often the norm.

How is preterm birth monitored and reported?

WHO and other United Nations (UN) agencies have developed standardized global indicators to
optimize collection, reporting, and international comparisons of data on conditions and diseases. WHO
uses the indicator “live births before 37 completed weeks (whether singleton or multiple) per 100 live
births” for estimates of preterm birth [17,18]. In practice, countries often report preterm birth using
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different operational definitionsdfor example, preterm birth in singleton pregnancies only. Inclusion
or exclusion of stillbirths from preterm birth reporting will also have a varying effect on preterm birth
rates depending on the income level of that country [19].

Definitions and practices regarding fetal viability reflect available obstetric and newborn in-
terventions, local clinical protocols, likelihood of survival, and socio-cultural norms and beliefs about
pregnancydall of whichmay vary between countries and settings. International differences in preterm
birth rates between countries, settings, and over time may reflect variations in definitions, rather than
“true” epidemiological differences. It is important to standardize measurement and reporting so that
the effects of population and health system risk factors on preterm rates can be assessed consistently
and comparably [20]. For example, a comparison of the prevalence of singleton births before 32 weeks
(whether stillbirth or live birth) in routine data from 30 high-income countries concluded that
exclusion of births at 22e23 weeks (as well as pregnancy terminations) was necessary to allow
standardized international comparisons [21].
How is preterm birth classified?

Classification systems are developed through the systematic assembly, storage, and retrieval of
basic information on a health event [22]. Multiple classification systems have been developed around
preterm birth for different applications: to guide research on causes and determinants, to better
identify at-risk populations, to implement and monitor prevention strategies, to facilitate preterm
birth surveillance, and to allow standardized local and international data comparisons. It would be
difficult (if not impossible) to design a preterm birth classification system suitable for all applications;
however, some systems have been applied to different purposes beyond their original design.

Common preterm classification systems include the following: GA sub-groups (such as
extremely preterm, very preterm, moderate preterm, and late preterm), mode of preterm birth
(spontaneous versus provider initiated), etiology, or pathophysiological pathways [2]. Preterm birth
may be spontaneous (due to spontaneous preterm labor and/or preterm prelabor rupture of
membranes) or provider initiated (by cesarean or labor induction) [23]. Common indications for
provider-initiated preterm birth include maternal (such as pre-eclampsia, eclampsia, placental
abruption, and placenta previa) or fetal (such as intrauterine growth restriction or fetal distress)
conditions [24].

Although the literature often quotes a relative proportion of 70% spontaneous preterm births and
30% provider-initiated preterm births [23], the contribution of provider-initiated preterm births varies
between region and countries [25,26]. A recent detailed classification system by Villar et al. classified
all preterm births (including stillbirths and terminations of pregnancies) based on phenotypes [27].
However, even with detailed classification systems, many preterm cases are difficult to classifydthere
are cases with no pre-existing pathological conditions, cases withmultiple conditions, or cases where a
condition is present but not causally linked to the occurrence of preterm birth.
The global burden of preterm birth

The first global and regional estimates of preterm birth were published in 2010 by Beck et al. (for the
year 2005), followed by the global-, regional-, and national-level estimates in 2012 (for the year 2010)
by Blencowe et al. [17,28] Beck et al. identified data from 92 countries and estimated the global
prevalence at 9.6% (95% confidence interval [CI]: 9.1%e10.1%) for the year 2005 [28]. Blencowe et al.
identified data from 99 countries and estimated the 2010 global prevalence at 11.1% (95% CI: 9.1%e
13.4%). Although their estimation methods differed, the global prevalence estimates are similar.
Blencowe et al also reported estimates of preterm birth rates at the national level, which ranged from
approximately 5% in some European countries to 18% in some African countries. One clear message
from both analyses is that low- and middle-income countries (LMICs) account for the majority of
the world's preterm birthsd60% of preterm births occur in sub-Saharan African or South Asian
countries [17].
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Limitations in estimating the global burden of preterm birth

Estimates are helpful in understanding preterm birth epidemiology, developing and implementing
health policies, raising awareness, and mobilizing resources. However, they are often developed in the
absence of reliable, population-representative data, which can paradoxically obscure the need for
additional investment to develop or improve data collection and monitoring systems, as well as data
quality [29]. Even in countries with robust civil registration and vital statistics (CRVS) systems, GA
assessment at birth and preterm birth are often neither prioritized nor routinely captured. Where they
are reported, they may be subject to the quality issues (such as misclassification and incompleteness)
known to affect other global maternal and newborn health indicators [30]. Misclassification of live
births, stillbirths, and neonatal deaths has a direct impact on the calculation of the liveborn preterm
rate [31].

The preterm birth data available to estimate the global burden is predominantly derived from
national CRVS systems in higher income countries [17,28]. These data may not generalize to LMICs with
different demographics, socio-cultural norms, levels of nutrition, patterns of disease, and lower
availability of health workers and resources. In the absence of CRVS data, data from research studies or
household-representative surveys in LMICs are used as data inputs for modeling (with acknowledg-
ment of their limitations) [16,18,28]. Observational studies containing preterm birth data are
often facility based (generally higher level facilities) and are generally not nationally or population
representative (particularly in countries where institutional birth rates are low). Disadvantaged sub-
populations (such as poor, rural-dwelling, or less educated women, who often give birth in commu-
nity settings) may have higher rates of preterm birth owing to the higher prevalence of some risk
factors, as well as less access to health facilities for childbirth (where GA can be estimated and
recorded) [32]. Participation bias is plausibledwomen who agree to participate in studies may not be
representative of the population they are recruited from [33]. Conversely, higher level health facilities
may have larger numbers of women with medical and obstetric complications, thus leading to
over-representation of preterm birth. Well-designed, population-representative cohort studies from
low- and middle-income countries that define, measure, and report preterm birth in a standardized
way are thus needed to address preterm birth data gaps in these settings.

Trends in preterm birth rates

In some (mostly higher income) countries, preterm birth rates appear to be increasing. Blencowe
et al. reported that for 65 countries with reliable preterm birth data, 62 countries had experienced
increases between 2000 and 2010 [17]. A few methodological considerations should be remembered.
Preterm birth definitions may change over timeda reduction in the lower threshold of fetal viability
(i.e., when management of extremely preterm births changes over time) will create an apparent
increase in the preterm birth rate overall [17,34]. Similarly, concomitant reductions in stillbirth rates
(in favor of live births) could lead to an apparent increase in the liveborn preterm birth rate [19].
Changes in the coverage and quality of birth data capture over time can also affect the preterm birth
rate. Focusing on trends in the overall preterm birth rate may obscure other trends in subgroups. For
example, an analysis of national data from 19 European countries (2004e2008) found that while
preterm birth rates increased inmost countries, half had either no change or a decrease in the singleton
preterm birth rate [26]. The preterm birth rate changes in that analysis were instead driven by higher
multiple birth rates, as well as a higher rates of preterm birth among multiples.

Why does preterm birth occur?

Although many socio-demographic, nutritional, medical, obstetric, and environmental factors have
been shown to increase the risk of spontaneous preterm birth, its etiology remains imperfectly un-
derstood [23,35]. When considering the literature on preterm risk factors, it is worthwhile keeping
some general limitations in mind.

Despite the plethora of reported risk factors, the majority of preterm births have no clear risk factor.
An individual participant data (IPD) meta-analysis of 4.1 million singleton births in five high-income
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countries reported that approximately 65% of all preterm births exhibited none of 21 prespecified risk
factors [36]. The magnitude of risk associations is oftenmodest (less than twofold increase in risk), and
the biological mechanisms and pathways are not always evident or known. Meta-analyses of obser-
vational studies are often unable to adjust for important confounders (such as participant character-
istics, comorbidities, method of GA measurement, and definition of preterm birth indicator) and thus
may be subject to bias. Meta-analyses do not always report results separately for singleton and twin
pregnanciesdhowever, the risk of preterm birth among multiples compared to singletons is ninefold
greater [37]. Although it seems logical that preventing or treating risk factors would reduce preterm
birth rates overall, this is not always the casedfor example, systematic reviews of periodontal disease
treatments and antibiotics for bacterial vaginosis in pregnancy have not shown an effect on preterm
birth rates [38,39]. Interventions for preterm birth prevention are explored in more detail in other
papers in this series.

Risk factors for preterm birth

A 2013 systematic review assessed the association between ethnic groups and preterm birth and
reported an odds ratio (OR) of 2.0 (95% CI: 1.8e2.2) for black ethnicity; no significant associations were
seen for Asian, Hispanic, or Caucasian women [40]. The risk of preterm birth appears higher in both
adolescent pregnancies and advanced maternal age [41e43]. A meta-analysis of cohort studies found
that nulliparous women below 18 years of age had the highest risk of preterm birth across all age/parity
categories (OR: 1.52, 95% CI: 1.40e1.66) [44]. Low maternal education has also been associated with
preterm birth, although this can be difficult to disentangle from low maternal age alone [45]. Preterm
birth in a previous pregnancy is a strong risk factor for preterm birth in a subsequent pregnancy, as is
maternal nulliparity [36,46]. Male newborns are also at greater risk [36].

A 2012 meta-analysis by Wendt et al. assessed 12 studies and reported increased odds of preterm
birth at <6 months and <12 months inter-pregnancy interval [47]. Hypothesized mechanisms
include maternal nutritional depletion, folate depletion, cervical insufficiency, and vertical infection
transmission [48]. Short cervical length (measured by transvaginal ultrasonography) is associated with
preterm birthda length less than 25 mm is a commonly used cut-off; the shorter the cervical length,
the greater is the risk [49,50]. Singletons and twins formed through in vitro fertilization (IVF)
have independently higher risks of preterm birth than spontaneously conceived singleton and twin
pregnancies [51,52].

Smoking in pregnancy increases the likelihood of preterm birth similar to the use of recreational
and illicit drugs (such as heavy alcohol use, cannabis, and cocaine) [53e56]. During pregnancy, in-
fectious conditions that have been linked to preterm birth include HIV, bacterial vaginosis, Chlamydia
trachomatis infection, chorioamnionitis, urinary tract infections (particularly pyelonephritis), hepatitis
C, malaria, and syphilis [57e64]. Other maternal conditions complicating pregnancy that are associated
with preterm birth include pre-eclampsia, pregestational and gestational diabetes, cervical incompe-
tence, periodontal disease, maternal anemia, obesity, short stature, and low maternal vitamin D
[36,49,65e71]. Rarer conditions such as systemic lupus erythematosus, polycystic ovarian syndrome,
epilepsy, bipolar disorder, and pregnancy-related depression, stress, and anxiety also increase the
likelihood of preterm birth [72e76]. Althoughwomenwith cervical intraepithelial neoplasia (CIN) have
an increased risk of preterm birth, treatment of CIN may increase that risk, particularly if treatment
occurs during pregnancy [77,78].

Placental, uterine, or fetal conditions such as placental abruption, placenta previa, polyhydramnios,
uterine anomalies, leiomyoma, and fetal birth defects have also been associated with preterm birth
[79e84]. There is a debate as to whether previous surgical uterine evacuation (such as for termination
of pregnancy or management of spontaneous abortion) increases the risk of preterm birth or
notdalthough systematic reviews have reported modest associations for prior surgical uterine evac-
uation, they were unable to adjust for all potential confounders [85,86].

Two meta-analyses have reported that outdoor air pollution (where the particulate matter has an
aerodynamic diameter of 2.5 mmor greater) is associated with increased preterm birth [87,88]. Preterm
birth has also been associated with socio-economic disadvantage and disruptive life events affecting a
pregnant woman [89,90]. Intimate partner violence (IPV) during pregnancy is also associated with
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increased odds of low birth weight (LBW) (OR: 1.18, 95% CI: 1.05e1.31) and preterm birth (OR: 1.42, 95%
CI: 1.21e1.63), but not intrauterine growth restriction (IUGR) [91].
The consequences of preterm birth

Since 1990, the under-five mortality rate has dropped dramatically, from 93 deaths per 1000 live
births in 1990 to 41 deaths per 1000 live births in 2016 [92]. Neonatal mortality (death in the first 28
days of life) has also steadily reduced, although at a disproportionately slower rate than under-five
mortality. Consequently, the determinants of neonatal mortality (including preterm birth) have
become a greater contributor to the mortality rate in children below five years of age over time.
The latest estimates suggest that complications of preterm birth were the leading cause of death in
children below five years of age globally in 2016 and account for approximately 16% of all deaths in
children below five years of age and 35% of deaths among newborns [92]. Under-recognition of
the prevalence of preterm birth (particularly in countries where neonatal mortality is high) may bias
these estimates.

Shorter term complications of prematurity include increased risks of neonatal respiratory condi-
tions (such as respiratory distress syndrome and bronchopulmonary dysplasia), necrotizing entero-
colitis, sepsis, neurological conditions (such as periventricular leukomalacia, seizures, intraventricular
hemorrhage, cerebral palsy, and hypoxic ischemic encephalopathy), as well as feeding difficulties
and visual and hearing problems [93e95]. Newborns born late preterm (34-<37 weeks) have signif-
icantly higher risks of adverse outcomes than term newborns [5,6]. Preterm birth has been linked to
poorer neurodevelopmental outcomes, higher rates of hospital admissions, as well as behavioral,
social-emotional, and learning difficulties in childhood [96e98]. It also leads to significant, long-term
health systems costs as well as causes considerable psychological and financial hardship for the
families of preterm newborns [99,100].
Implications for practice, policy, and research

It is clear that further discovery research is needed on the mechanisms of spontaneous preterm
birth, so that it can be better predicted and prevented. Several methodological issues related to in-
ternational comparisons of preterm birth (such as definitional differences in indicators and differences
in measurement of GA) could be addressed through better, standardized reporting of preterm data, as
well as efforts to collect and report reliable GA data from resource-limited settings. Ideally, preterm
birth reports (particularly from CRVS systems) would clearly delineate numbers and rates of preterm
births in singletons andmultiples, how the preterm birth rate was calculated, live births and stillbirths,
and GA subgroups. This should be linked to broader efforts to optimize the quality and completeness
of perinatal data monitoring and reporting in health statistics infrastructure. This could also make
CRVS data a more useful source for assessing the effect of interventions on preterm birth (such as
the introduction of health policies or clinical guidelines).
Summary

Preterm birth remains an important public health priority worldwide. Evidence-based strategies to
prevent prematurity from occurring, as well as mitigating its effects on preterm newborns, are needed,
particularly in low-resource settings.

The quantity and quality of preterm birth data reported in most countries is inadequate, thus
impeding accurate estimation at global, regional, and national levels; however, standardization of
definitions, measurement, and reporting would allow international comparisons of available data.
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