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ABSTRACT

gestation period. It is a public health issue that affects the mother

The etiology of preterm birth is mostly underestimated in developing

and child health. It needs a major focus, due to its high prevalence

countries. Current presumptions are that both environmental and

as a long-standing disability in children and associated mortality

genetic factors contribute towards its onset and are responsible

and morbidity. The estimated global burden of preterm births in

for the higher frequency of neonatal deaths. Despite there being

2014 as analyzed by Saifon et al[1] using 1 241 data points and 107

considerable scientific data on preterm births across the world, the

countries was equated to 14.84 million live births. Preterm birth

frequency of its occurrence and threat to the survival of neonates

complications are the leading cause of death among children under

are alarming. It is important that variations among populations

5 years of age, responsible for approximately 1 million deaths each

should be considered as the socioeconomic status, climatic zones

year[2]. The impact of preterm birth has led to alarming statistics

and other genetic, as well as epidemiological factors vary, so as

which shows that annually across 184 different countries preterm

to draw definitive conclusions on the pathogenesis of preterm

births range from 5% in several European countries up to 18%

birth. Predictive biomarkers, prevention and optimum treatment

in some African countries[3]. Though the babies may survive the

strategies are still being discovered, but with well-designed

trauma of early birth, they suffer major health complications and

studies and collaborative efforts, maternal and child healthcare

lifelong disabilities, some of which are lung infections, poor vision,

can be prioritized. The purpose of this review is to understand the

auditory problems and a certain amount of learning disabilities.

contributing factors of preterm birth as it is a critical issue and needs

South Asia and sub-Saharan Africa contribute more than 60% of the

in-depth understanding with planned scientific studies to decrease

premature birth count of all global preterm deliveries[3].

the rate of preterm birth and complication related to it. Furthermore,

Preterm birth can be categorized as: extreme preterm (<28 weeks),

the review enlists various factors linked to preterm birth viz., high

very preterm (28 to <32 weeks) and moderate to late preterm (32 to

maternal age, psychological state, environmental contaminants,

37 weeks) based on the gestation period. It can be divided into two

infection, cervical length, addiction, cytokine interaction,

subtypes: (a) spontaneous preterm birth: initiation of spontaneous

preeclampsia, genetic composition, ethnicity, oxidative stress and

labor or induction of labor after preterm premature rupture of the

microRNAs. We have summarized the status of preterm birth, its

membranes; and (b) preterm birth initiated by provider: initiation

causes, and future line of work required to prevent mortality of

of labor or elective caesarean section before 37 weeks of complete

mother and neonate that will help us design successful studies which
aim to reduce preterm births effectively.
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1. Introduction
Preterm birth or premature birth is a condition that leads to the
early parturition of the developing fetus, less than 37 weeks of
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gestation by maternal or fetal indications (iatrogenic)[3]. Ample

of the lower genital tract with pathogenic organisms lead to

amount of work has been done so far in this field at different

chorioamnionitis, which increases the risk of adverse outcome in

levels among different localities. However, the literature reviews

preterms[11]. Romero et al[12] introduced the concept of preterm

which cover most of the affecting factors such as ethnicity, stress,

labor arising from pathological signalling alterations of components

socioeconomic condition, infections, environmental contaminants

of parturition-pathway as opposed to full-term delivery resulting

and genetic composition of the mother are difficult to find. Thus, in

from physiological changes of such components. It pointed to the

this review, we tried to include all the possible factors affecting early

evidence indicating pathological processes like (1) intrauterine

birth outcomes in the global ethnicities.

infection/inflammation; (2) cervical incompetence; (3) overdilation
of the uterus; (4) abnormal allograft reaction; (5) any allergic
reaction; (6) uterine ischemia; and (7) abnormality or imbalance

2. Social, physical, economic conditions and their
relevance in preterm birth

in hormonal levels (progesterone or corticotrophin-releasing factor
related) implicated in preterm parturition syndrome.
According to research carried out by Sebire[13], one of the main

The population’s social and economic status contributes

reasons behind the second-trimester miscarriage and preterm birth

significantly to the causative frequency of preterm birth. One

is the localized inflammation of the chorion and decidua, with or

of the major issues in developing countries is poor hygiene and

without amniotic inflammation. Hence, infection of the genitourinary

undernourished mother due to a low socioeconomic background,

tract is strongly associated with preterm delivery, resulting in

which is of utmost importance while taking into consideration

early parturition. Surve et al[14] suggested that genitourinary tract

the quality of child health. In the absence of full understanding

infection with Group B Streptococcus, a Gram-positive pathogen

regarding preterm causing factors, efforts to prevent preterm birth

correlated with premature rupture of amniotic membrane, causing

have focused on identifying risk factors which can be demographic

chorioamnionitis that leads to preterm birth or intrauterine death

data, body mass index of mother, past pregnancy history, biophysical

of the fetus. As a result, Toll-like receptor-initiated pathways

markers (length of the cervix), and quantitative tests for biological

get activated[15], and proteins like antimicrobial peptides[16] and

fluids[4]. Ciancimino et al[5] did a retrospective case-control analysis

lipopolysaccharide-binding protein[17] are produced. Thus, a fetus

to evaluate maternal-fetal outcomes in advanced maternal age among

develops the capacity to identify and react immunologically to

1 347 pregnant women and concluded that advanced maternal

invading microorganisms. However, the prominent and distinctive

age could be considered a significant risk factor for spontaneous

feature of intraamniotic immunity is the development of resistance

abortions (OR=2.10, P=0.001) and preterm delivery (OR=69.84,

mechanisms of a pro-inflammatory immune response to reduce

P=0.001). Multiple pregnancies, second or third trimester bleeding

fetal damage or prematurely expulsion from the uterus. Therefore,

and ethnicity have been associated with preterm birth most

the dual-protection system by infection resistance and resilience

consistently. Early spontaneous premature delivery is more predictive

to infection-induced immune activation prohibits damage to the

of recurrence and is closely linked to subsequent spontaneous

developing fetus and avoids preterm births. Infection-related

premature

delivery[4,6].

The cervical length has also been associated

most strongly and consistently with preterm birth[4]. Physical and

immunity is preferentially aimed at fighting extracellular microbial
pathogens during gestation.

psychosocial stress, as well as psychological abuse, including mild to

In spontaneous preterm birth, Ureaplasma urealyticum and

severe depression, are found to be very high in socio-economically

Mycoplasma hominis cordblood infections (41.3% vs. 25.7%;

challenged population and have been linked with higher preterm

P=0.007) were reported to be more frequent and strongly correlated

birth

rates[7-9].

Besides this, parental literacy, living in a violent and

economically deprived neighbourhood, intimate partner violence or

with indicators of acute inflammation of the placenta[18]. Research

done by Tellapragada et al[19] add a remarkable understanding on the

abuse from family and society, peri-pregnancy, spouse and in-law’s

role of asymptomatic infections such as transitional vaginal flora and

harassment remain closely linked to multiple forms of poor obstetric

vaginal inflammation on adverse pregnancy outcomes. In addition,

outcomes[10].

a definite link between transitional vaginal flora and preterm birth
in South Asian women has also been suggested (adjusted relative

3. Intrauterine inflammation and infection

risk=2.75; 95% CI=1.4-5.1, P=0.002). Further, considering the
importance of periodontitis and its negative effect on pregnancy, like
preterm birth (adjusted relative risk=2.39; 95% CI=1.1-4.9, P=0.02)

Maternal infection and inflammation of intrauterine tissues induce

as well as low birth weight (adjusted relative risk=3.38; 95% CI=1.6-

responses to the developing fetal membranes, which has a significant

6.9, P=0.001), a need for routine screening, early diagnosis and

role in triggering preterm delivery. The infections and colonization

treatment have been emphasized.
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4. Oxidative stress, ethnic indications and environmental
causes linked to preterm birth
4.1. Oxidative stress
Inflammation and oxidative stress are inter-related and are
responsible for the causation of various human conditions. Oxidative
stress is known to have a significant role in the pathogenesis of
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India, observed that females with sickle-cell anaemia and other
blood-related conditions had higher chances of stillbirths (OR=2.43,
95% CI=1.31–4.53, P<0.01), low birth weight (OR=2.99, 95%
CI=2.03–4.41, P<0.01) and preterm births (OR=3.96, 95% CI=2.74–
5.72, P<0.01) usually due to insufficient supply of oxygen and
nutrients to the growing fetus as compared to normal pregnancies.

4.3. Environmental causes

adverse pregnancy outcomes, including preterm birth. Overwhelming
free radicals and the resulting oxidative stress affect the placental

The relation between environmental-gene interactions and birth

antioxidant capacity, which in turn adversely affects the placental

outcomes are tremendously complex. A negative interaction leads to

efficiency and functioning, consequently compromising the quality

oxidative stress and mutations that may not be favourable to normal

of birth and fetal viability[20]. Many gestation-related problems,

physiological processes, including pregnancy. Recent studies have

such as spontaneous abortions, low birth weight, embryopathies,

shown that pregnant women’s immediate surrounding has much

preeclampsia, fetal growth restriction, intrauterine fetal death and

impact on her health, along with other factors. Exposure to air

preterm birth, are linked to oxidative stress. The most common
reasons for the generation of oxidative stress are lack of proper
nutrition and unfavourable environment, which may increase the
susceptibility to adverse pregnancy outcomes. This outcome might
occur due to impairment in the antioxidant resistance mechanisms
and increment in reactive oxygen species levels, which changes
cellular signalling adversely and damages cellular macromolecules
even in the embryonic and placental cells[21].

4.2. Ethnic indications

pollution is more commonly found to be correlated with adverse
pregnancy outcomes[26,27]. Like other environmental contaminants,
smoking has a distinct and definite role in premature delivery.
Smoking abstinence before pregnancy is linked with a significant
improvement in birth outcomes as compared to smoking mothers
(P<0.01). So, the data from a UK as well as Asian population
study found that quitting smoking by the end of the first trimester
did not make any difference in birth weight of babies as compared
to non-smoking mothers but quitting after this period showed a
significantly low birth weight of the infants (for Asian, P<0.05;
for UK, P<0.01)[28]. Data from the United States also indicated that
quitting smoking late in pregnancy increased the rate of preterm

Racial differences and genetic polymorphism have been directly
related to preterm birth[22]. Urquia et al[23] analyzed the correlation
between migratory patterns and adverse birth outcomes of over

births (OR=1.70; 95% CI=1.60-1.80, P≤0.001) as compared to nonsmoking mothers or quitting early in pregnancy (OR=1.20; 95%

30 million singleton births (from twenty-four research studies),

CI=1.02-1.40, P≤0.001)[29,30].

and observed that black migrants (OR=1.62, 95% CI=1.30-2.03,

induced electromagnetic field in the pregnant rats generate oxidative

P=0.0018) and Hispanics females (OR=1.35, 95% CI=1.10-1.66,
P=0.0018) had reduced chances of giving low birth weight and
preterm birth as compared to black women born in the United States
(OR=1.89, 95% CI=1.64-2.19, P=0.0018). Asian migrants (OR=1.44,

Bahreyni et al[31] first revealed that exposure to the mobile phone-

stress in both the mothers and their offspring tissues. However,
the studies showing a similar effect of these radiations in human
pregnancy are still lacking.

95% CI=1.15-1.81, P=0.0018) were at higher risk than white migrants
in general. Both native-born and migrant South-Central Asian along
with Indian women, were at significant (OR=1.09, 95% CI=0.88-

5. Various biological markers of preterm births

1.35, P=0.0018) chances of delivering preterm birth. Migrants

Biomarkers have a significant role in deciphering human condition

from Asian ethnicity (OR=1.44, 95% CI=1.15-1.81, P=0.0018)

and designing treatments to reduce diseased conditions, including

were at higher risk than white migrants overall. South-Central

preterm births. Biochemical and genetic markers in biological fluids

Asian (OR=0.84, 95% CI=0.57-1.23, P<0.0001) women were at

(e.g., blood, amniotic fluid, cervical mucus, vaginal secretions,

higher odds in both native-born and migrated, but the association

serum/ plasma, saliva and urine) are used to determine biomarker

was stronger in Europe (OR=0.99, 95% CI=0.79-1.25, P<0.0001).

values for predicting preterm birth[32]. Research carried out on

African ancestry (OR=0.78, 95% CI=0.60-1.01, P<0.0001) was

the biological fluids till date reveals that fetal fibronectin levels in

found to be protective compared to European ancestry (OR=0.99,

cervical or vaginal fluids have an evident connection with subsequent

95% CI=0.79-1.25, P<0.0001) in case of delivering earlier (preterm

spontaneous preterm birth (relative risk=3.3, 95% CI=2.5-4.2) at >37

birth)[23,24]. Desai et al[25], in their study on a tribal group of Gujarat,

weeks[4].
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5.1. Biochemical markers

in a reproductive process like ovarian cycle and maintenance of
pregnancy as well. Moreover, disturbance in cytokine signalling is

High concentrations of fetal fibronectin in cervical-vaginal fluids
suggest a strong correlation with spontaneous preterm birth and can

directly linked with adverse consequences of conception, such as
miscarriage, preeclampsia, preterm labor and fetal brain injury[46].

be a highly relevant predictive indicator in preterm birth. However,

In Hispanic population, the polymorphism (N680S) from asparagine

in the opinion of Tripathi et al[33], phosphorylated insulin-like growth

to serine in the receptor of follicular stimulating hormone was found

factor-binding protein holds more importance and reliability for

to be significantly (OR=2.52, 95% CI=1.20-5.33, P=0.02) associated

predicting preterm delivery. Besides these, high levels of maternal

with preterm birth[47], while the Chinese population, findings by He

serum alpha-fetoprotein is strongly associated with preterm birth
(OR=8.7, 95% CI=7.1-10.7, P<0.01)[34]. For pregnant woman,
regular analysis of plasma protein profiles is advised to be done at

et al[48] suggest that polymorphisms of insulin-like growth factors
and it’s receptors at rs972936 (GA: OR=1.74, 95% CI=1.01-3.02 and

GA/AA: OR=1.75, 95% CI=1.04-2.93; P=0.02) and rs2229765 (GA:

10-15 weeks of gestation, as it is a significant (P<0.01) indication

OR=0.60, 95% CI=0.37-0.98 and GA/AA: OR=0.64, 95% CI=0.40-

for having preterm birth later [35]. Fetal inflammatory response

1.00; P=0.001) may change the maternal metabolic status which

syndrome is a condition characterized by systemic inflammation

triggers the early birth. Allelic frequency of a single nucleotide

and elevated levels of interleukin (IL) 6 in fetal plasma (>11 pg/mL)

variant from G>A at 12109 positions of renin was frequently found

resulting in the preterm premature rupture of membranes, hence

(OR=6.62, 95% CI=3.14–14.15, P<0.0000001) in mothers giving

is a risk factor for spontaneous preterm birth, short-term perinatal

birth to preterm than the full term[49]. A polymorphism of major

morbidity and mortality[36]. Metabolic profiling of the mother

histocompatibility complex class I polypeptide related sequence

in future can be an excellent diagnostic evaluator for detection

A (rs2256318) may interfere with placental development and

of such complications. Compared to an invasive technique like

contribute to early birth (OR=6.97, 95% CI=2.34–20.74 for A/

amniocentesis, serum sample collection is preferable as it is safe for

A, compared with G/G genotype, P=0.001) [50] . Research by

the fetus, and possible risks and harms with amniocentesis can also
be avoided. Research by Virgiliou et

al[37]

Tiwari et al[51] provides crucial information on 6-base pair deletion

offers clear evidence that

of both the alleles of thymidine synthetase gene and associated

metabolic profiling techniques may provide advantages in premature

hyper-homocysteinemia in vulnerability to low birth weight, preterm

birth aetiology investigation. Consequently, diagnosis, treatment and

delivery and fetal death. It is observed that the key enzyme of

prevention of early births can be managed. Generally, the second-

folate metabolism, thymidylate synthase (TYMS) 14946bp del/del

trimester amniotic fluid and maternal blood serum metabolic

genotype increased the risk of preterm delivery (OR=2.801, 95%

content show the potential for the detection of biomarkers linked

CI=1.433-5.472, P=0.002), indicating prognostic as well as the

to fetal development and preterm delivery. In terms of the possible

clinical significance of this genotype in preterm delivery.

association between preterm birth and serum folate levels, several

Of the many polymorphisms and variants proposed in the

earlier reports have indicated the risk of premature delivery with a

contribution of preterm births, maternal methylenetetrahydrofolate

low serum folate level[38-40]. In contrast, research by Yamada et al[41]

reductase (MTHFR) gene could be a candidate gene for diagnosis.

found that preterm birth, miscarriage, or growth of fetus were not

C677T polymorphism in MTHFR may be one of the candidate’s

correlated with the serum folate levels during the first trimester.

prognostic variations to analyze the population-based variation of

5.2. Genetic markers

pregnancy cases predisposed to preterm delivery (P<0.001)[52].

However, in contradiction with this assertion, Resch et al[53] could
not find a distinct association of MTHFR C677T gene polymorphism

In preterm births, plenty of studies have been conducted to find

(OR=1.050, 95% CI=0.090-12.276, P=0.485) with preterm birth.

out related gene markers which alter the usual pathways and

In a study by Wang et al[54] involving a total of 12 single nucleotide

expressions of genes and ultimately lead to early deliveries. A

polymorphisms of 11 genes involved in folate metabolism, none of

review by Menon[42] has discussed the role of increased interleukins

the genotype distributions revealed any association with preterm

(IL-1毬, IL-6, IL-8, IL-10), tumour necrosis factor-alpha (TNF-毩),
soluble TNF receptors (sTNFR1 and sTNFR2), and corticotrophinreleasing hormone in the amniotic fluid of premature babies. It

birth. Also, none of the genotype distributions showed considerable
significance even between full-term and preterm. Despite these
findings, a meta-analysis by Wu et al[55] confirmed the affirmative

is now well understood that due to infection and inflammation,

association between MTHFR C677T polymorphism and preterm

prostaglandin producing chemokines, cytokines, inflammatory

birth incidence risk, where the risk of preterm birth was observed

mediators and enzymes of matrix-degradation get released by the

under allele contrast (T vs. C, OR=1.36, 95% CI=1.02–1.81,

activation of inflammatory signalling pathways thus detaching the

P=0.034), homozygote (TT vs. CC, OR=1.70, 95% CI=1.07–2.68,

fetus earlier from the placenta[12,43-45]. Cytokines play a vital role

P=0.024), and recessive genotypes (TT vs. CT+CC, OR=1.49,
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3.274, P=0.001), the dominant (OR=1.642, 95% CI=1.269-2.125,

unveiled two polymorphisms within 3’-UTR rs1537515 and

P≤0.001) and the recessive (OR=1.456, 95% CI=1.039-2.040,

rs1537516, which increase the susceptibility of preterm birth

P=0.029)] polymorphism was found more commonly than in the

(OR=0.65, 95% CI=0.47-0.91, P=0.012). Out of three frequencies

other population, which might indicate recurrent pregnancy loss also

(CC-homozygous normal; CT-heterozygous polymorphism; TT-

varies with genetic differences and ethnicity. This association was

homozygous mutant) of MTHFR C677T gene, the homozygous

confirmed by Crider et al[66], who showed that TNF-毩 -308 allelic
polymorphism was frequent in a significant proportion of mothers

mutant - TT genotype may be contributing to the increased risk of
premature delivery (OR=3.077, 95% CI=1.469-6.447, P=0.004)[57].

who parturiated preterm births. Many more such single nucleotide

IL-6 with polymorphism G/C at 174 position was significantly

polymorphisms and other biochemical and metabolic markers have

lower (P<0.05) in mothers of preterm birth than a term birth. The

also been associated with preterm births, but with contrasting results.

presence of this polymorphism was protective against preterm

An elaborate confirmatory analysis on larger sample size is required

birth in Turkish population[58]. Yin et al[59] pioneered in explaining

to identify the underlying mechanisms which lead to premature

IL-27 mediated excessive reaction to inflammation in the fetal

birth.

membranes through various signalling pathways viz., JNK, PI3K or
ERK contributing to fetal low gestation period (P<0.05). Andalas et
al[60] did not find any association between IL-10 single nucleotide

6. miRNA and preterm birth

polymorphism (-1082 A/G) and spontaneous preterm birth in the
Acehnese population. Likewise, research in the Brazilian population

More than 1 880 miRNAs have been reported in humans, and

by Moura et al[61] also did not find the significance of this single

most of them are expressed in the placenta, which is a crucial

nucleotide polymorphism alone. On the contrary, another study

organ for embryonic and fetal development. There is increasing

in Malaysia by Suki et al[62] showed a significant association of

evidence on the role of microRNAs in various pregnancy-related

it along with the risk of preterm birth. Simhan et

al[63]

observed

complications, such as fetal growth restriction and preeclampsia.

that women carrying an IL-6-174 C/C variant are more prone to

Fetal growth restriction refers to a condition in which the genetically

give preterm births and showed the statistical significance of racial

determined potential growth of a fetus is stopped or decreased

disparity between a white woman and African American women

during pregnancy. Fetal growth restriction could be considered as

(P<0.001). A connection is found to exist between preterm birth and

a placental disorder, derived from deregulation in the invasion of

polymorphism in IL-4 in multiple pregnancies which might have

trophoblasts with a characteristic tissue morphology that leads to

contributed to increased expression of IL-4 in these individuals to

uteroplacental insufficiency[67]. Preeclampsia is a multisystemic

show an effect.

disease characterized by hypertension, proteinuria and other typical

One of the candidate gene responsible for preterm birth is the

signs that can negatively affect the development of pregnancy. It

TNF-毩). Polymorphism observed explicitly on the site of the promoter

is the most common complication of pregnancy and represents

region of this gene has a higher chance of earlier premature rupture

approximately one-third of preterm births. The data analysis by

of the fetal membranes, which ultimately leads to spontaneous

Laganà et al[68] supports a direct correlation between selective high/

preterm birth[64]. Macones et al[64] observed that tumor necrosis

low expression microRNAs in the placenta and maternal serum

factor-alpha gene-2 (TNF-2) at the -308 position, significantly

markers with preeclampsia.

increased the risk of spontaneous preterm birth (OR=2.7, 95%
CI=1.7-4.5, P=0.04). Furthermore, they provided a preliminary proof
that not only the genetic susceptibilities (i.e., TNF-毩 carriers) but the

7. Conclusion

interaction with infection and inflammation of uterine or vaginal

walls (i.e., bacterial vaginosis) also increases the risk of spontaneous

Preterm birth is undoubtedly a multifactorial condition, and there

preterm birth by many folds (OR=6.1, 95% CI=1.9-21.0, P=0.04). A

are plenty of factors which can lead to it along with the interaction

meta-analysis by Aslebahar et al[65] reported that single nucleotide

between environmental factors and mother’s internal health. Out

polymorphisms like TNF-毩 -308G>A [homozygote (OR=1.716,
95% CI=1.210-2.433, P=0.002) and the recessive (OR=1.554, 95%

of all risk factors, clinical conditions or phenotypical characters
of the mother such as intrauterine infection and inflammation,

CI=1.100-2.196, P=0.012) models] and -238G>A (OR=1.554, 95%

maternal age, body mass index, previous bad obstetric outcome,

CI=1.100-2.196, P=0.012) located in the promoter region of

stress (physiological and pscychological) and cervical incompetence

TNF-毩) gene are associated with recurrent pregnancy loss. Moreover,

are most significantly linked with preterm birth. The relationship

in Asians TNF-毩 -308G>A [homozygote (OR=2.190, 95% CI=1.465-

between mother’s genotype and having a preterm or subsequent
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