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Abstract

Preterm birth, defined as the termination of pregnancy before the completion of 37 weeks of
gestation, remains one of the most critical challenges in contemporary perinatal care. High
neonatal mortality rates, along with frequent neurological, respiratory, and developmental
complications, underscore the importance of identifying risk factors associated with preterm
labor. The aim of this review was to comprehensively synthesize current scientific evidence on
the multifactorial etiology of preterm birth, encompassing biological, immunological, genetic,
environmental, and socio-economic determinants.
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A systematic literature search was conducted in PubMed during January and February 2025,
covering peer-reviewed publications from 2020 to 2024. Included in the analysis were meta-
analyses, cohort studies, case-control studies, systematic reviews, and population-based
analyses.

The findings indicate a significant association between preterm birth and obstetric
abnormalities, maternal comorbidities, inflammatory and genetic factors, as well as low
socioeconomic status and limited access to prenatal care. In high-income countries, assisted
reproductive technologies (ART), particularly fresh embryo transfer, continue to pose a
considerable risk. The conclusions emphasize the need for an interdisciplinary approach to
prevention, standardization of diagnostic criteria, and further development of biomarker-based
tools and personalized strategies for perinatal care.

Keywords: Preterm birth, Risk factors, Obstetric complications, Maternal health, Pregnancy
complications, Assisted reproductive technology (ART), Perinatal care

Introduction

Preterm birth, defined as the termination of pregnancy before the completion of 37 weeks of
gestation, remains one of the most significant challenges in modern perinatal care—both
clinically and socially. It is estimated that approximately 15 million infants are born prematurely
each year worldwide, with preterm birth consistently being the leading cause of neonatal
mortality and a major contributor to long-term disability in the pediatric population. Although
advances in neonatology and progress in neonatal intensive care have significantly improved
survival rates, the risk of persistent health complications—such as neurological impairments,
cognitive disorders, and chronic respiratory diseases—remains high. Preterm birth impacts the
quality of life for newborns, and its consequences can be long-lasting, affecting both physical
and mental health. As the incidence of preterm birth continues to rise, it is increasingly clear
that this issue requires urgent action and new solutions in terms of diagnostics and prenatal care.
Current medical knowledge indicates a complex, multifactorial etiology of preterm birth. This
process may be initiated by pathological mechanisms at the immunological and
endocrinological levels, as well as by environmental, social, or genetic factors. In recent years,
special attention has been given to the role of inflammation, oxidative stress, and placental
barrier dysfunction as potential mechanisms leading to premature activation of labor. Genetic
predisposition and molecular biomarkers have also emerged as significant areas of research,
with the potential to serve as tools for the early identification of women at risk. The use of these
tools may improve diagnostic accuracy and allow for quicker implementation of appropriate
interventions, which could reduce the incidence of preterm birth.

Social and environmental conditions are also gaining increasing attention. Inadequate prenatal
care, low educational levels, socioeconomic status, domestic violence, malnutrition and
environmental pollution are just some of the factors that significantly increase the risk of
preterm birth-particularly in low- and middle-income countries.



At the same time, the rising number of preterm births associated with infertility treatments and
the use of assisted reproductive technologies (ART), such as in vitro fertilization, introduces
new clinical and ethical challenges in managing high-risk pregnancies. While modem
technologies are effective, they still carry certain risks that require ongoing evaluation and
adaptation of care standards.

Given the rapidly evolving research on the pathophysiology of preterm birth and the complexity
of its risk factors, there is an urgent need to deepen our understanding of the interactions
between various determinants-biological, social, and environmental. Only a comprehensive
approach, integrating insights from medicine, genetics, immunology, and public health, can
enable more effective diagnostic and preventive measures. Continued development of
diagnostic tools and a more personalized approach to treatment may contribute to improved
health outcomes for mothers and newborns, reducing the number of preterm births and their
long-term health consequences.

Objective of the article

The objective of this review is to provide a comprehensive analysis of the current scientific
evidence regarding the risk factors for preterm birth, with particular emphasis on medical,
obstetric, genetic, immunological, environmental, and socio-economic determinants. The
analysis is based on studies published between 2020 and 2024, including meta-analyses,
systematic reviews, cohort studies, case-control studies, and population-based analyses. The
goal is not only to assess the significance of the individual risk factors but also to identify
regional differences in the prevalence of preterm birth and to evaluate the impact of assisted
reproductive technologies (ART) on the risk of this phenomenon.

Special attention is given to inflammatory and immunological mechanisms, genetic
predispositions, and comorbidities that may contribute to spontaneous or medically induced
preterm birth. The review also includes social determinants of health, such as maternal
education level, access to prenatal care, and geographical context, which can significantly
increase the vulnerability of certain populations. Furthermore, the potential use of biomarkers
as tools for early identification of pregnancies at increased risk is discussed.

The article hypothesizes that preterm birth should be considered from an interdisciplinary
perspective, taking into account both biological complexity and contextual factors. Effective
prevention requires an individualized approach tailored to the specific characteristics of each
population, as well as the optimization of prenatal care and ART procedures. The findings of
the review aim not only to provide guidance for clinical practice and health policy but also to
highlight areas requiring further research, particularly in the field of biomarkers and
interventions adapted to local socio-health realities.

Methods

This review includes scientific articles published between 2020 and 2024, allowing for the
incorporation of the most up-to-date data on risk factors for preterm birth. The literature search
was conducted in January and February 2025 in the PubMed database, with a focus on peer-
reviewed publications in English.



Inclusion criteria encompassed studies evaluating the relationship between preterm birth and
medical, obstetric, genetic, immunological, environmental, and socio-economic factors.
Opinion pieces, preliminary reports, articles lacking complete clinical data, and non-peer-
reviewed publications were excluded from the review.

The selection process was conducted in several stages. In the first phase, publications were
identified using keywords such as "preterm birth," "risk factors," "genetic markers,"
"inflammation," "ART," and "maternal comorbidities." Chronological (2020—2024), language
(English), and quality (peer-reviewed articles) filters were then applied. In cases of duplicate
topics, preference was given to newer studies or those involving larger populations.

Various types of studies were included in the analysis, such as meta-analyses, systematic
reviews, cohort studies (prospective and retrospective), case-control studies, and population-
based analyses. Meta-analyses and systematic reviews provided generalized data on the scale
and significance of individual risk factors, while cohort studies-both prospective and
retrospective-enabled long-term observation of exposure to specific factors in different
populations. Case-control studies allowed comparisons between women who experienced
preterm birth and a control group, facilitating the identification of specific risk factors.
Additionally, epidemiological and experimental studies were included, which provided
information on global trends and potential risk biomarkers.

The gathered material underwent qualitative comparative analysis. Special emphasis was
placed on identifying recurring patterns, assessing the consistency of conclusions, and
determining the methodological limitations of individual studies. Discrepancies between results
from different geographical regions were also considered, providing a deeper understanding of
the impact of socio-economic and environmental contexts on preterm birth rates. This approach
allowed for the creation of a synthesized overview of the current state of knowledge and the
identification of areas requiring further investigation.

Results

The conducted review of scientific studies on the risk factors for preterm birth revealed a broad
range of medical, genetic, environmental, and socio-economic conditions influencing the
increased likelihood of this phenomenon. It has been demonstrated that preterm birth can result
from both biological and external factors, highlighting the multifactorial etiology of this
pregnancy complication.

Medical and Obstetric Factors

The literature analysis confirmed that numerous maternal diseases and obstetric history play a
significant role in predisposing to preterm birth. Mitrogiannis et al. (2023) in their umbrella
review identified seven well-documented risk factors, including exposure to amphetamines, a
single umbilical artery, sleep-disordered breathing, and inadequate weight gain during
pregnancy. Ji et al. (2022) demonstrated that cervical insufficiency (P < 0.001), multiple
pregnancy (P < 0.01), and primiparity (P < 0.001) are significant risk factors for extreme
preterm births, while for very preterm births, key predictors included gestational diabetes (P <
0.05), preterm premature rupture of membranes (P < 0.01), and pregnancy-induced
hypertension (P <0.001).



Studies also indicate a link between preterm birth and thyroid disorders. Torremante et al. (2023)
found that regular monitoring of thyroid hormone levels and pregnancy-adapted therapy with
L-thyroxine reduces the risk of preterm birth by up to 70% in women who started treatment
before pregnancy and by 42% in those who initiated treatment after conception (P <0.0001).

Genetic and Immunological Factors

A substantial body of evidence points to the significant role of immunological and genetic
mechanisms in the etiology of preterm birth. Couceiro et al. (2021) emphasized that
polymorphisms in genes regulating inflammatory responses (TNFa rs1800629, IL1a rs17561,
IL1RN rs2234663) may increase susceptibility to premature activation of labor mechanisms.
These genes were also found to be associated with autoimmune diseases, such as rheumatoid
arthritis and inflammatory bowel diseases, suggesting a common inflammatory mechanism
leading to the premature initiation of labor.

Additionally, Khandre et al. (2022) highlighted the role of pro-inflammatory cytokines and
chemokine receptors in inducing premature cervical maturation and rupture of the fetal
membranes. These mechanisms appear particularly relevant in populations with a high burden
of inflammatory and infectious diseases.

Social and Environmental Factors

Social and environmental factors also play a critical role in the occurrence of preterm birth.
Bryce et al. (2022) in their systematic review indicated that in low- and middle-income
countries, the most significant risk factors are maternal malnutrition (PAF = 17.5%), infections
(PAF =16.6%), and exposure to environmental factors (PAF = 16%). A similar relationship was
found in the study by Zhang et al. (2022), where low maternal education (PAR% = 25.8%) and
rural residence (PAR% = 24.4%) were key factors increasing the risk of preterm birth.
Diaz-Rodriguez et al. (2021) reported that in the Dominican Republic, a family history of
preterm births (p < 0.001; OR = 14.95), smoking (p < 0.001; OR = 6.65), and limited prenatal
visits (p < 0.001) are significant risk factors, while regular prenatal care and appropriate weight
gain during pregnancy can provide protective effects.

Regional Differences in Risk Factors

The analysis of studies shows that preterm birth risk factors vary by geographical region. In
low- and middle-income countries (e.g., Ethiopia, Uganda), environmental and infectious
factors, such as maternal malnutrition, maternal infections, and limited access to prenatal care,
play a dominant role (Sendeku et al., 2021; Etil et al., 2023).

In developed countries, such as Japan and China, factors related to access to advanced medical
care and lifestyle are more significant. In Japan, a key risk factor was the young age of the
mother and a history of previous preterm births (Kinjyo et al., 2023), while in China,
abnormalities of the placenta and pregnancy-induced hypertension were major contributing
factors (Zhang et al., 2022).



Regional differences are also noticeable in Western populations. In European countries, factors
associated with the use of assisted reproductive technologies (ART) play a larger role
(Gervoise-Boyer et al., 2023), while in North America, race and its association with preterm
birth risk is significant, which may stem from socio-economic factors and access to medical
care (Tang et al., 2024).

The Impact of Assisted Reproductive Technology (ART)

The use of assisted reproductive technologies is a significant factor increasing the risk of
preterm birth, though the results of studies in this area are not conclusive. Li et al. (2022) found
that the main risk factors include maternal age below 25 years (OR =2.125; P=0.036) or above
39 years (OR = 1.504; P = 0.009), multiple pregnancy (OR = 9.780; P < 0.001), and placenta
previa (OR = 14.954; P <0.001).

Gervoise-Boyer et al. (2023) compared the risk of preterm birth following fresh and frozen
embryo transfers. The results indicated that fresh embryo transfer was associated with a higher
risk of preterm birth (7.7%) compared to frozen embryo transfer (6.2%) (P < 0.0001). The
authors suggest that this could be due to the effects of intensive hormonal stimulation on
endometrial quality and embryo implantation.

Discussion

The literature review confirms that preterm birth is a complex phenomenon, in which medical,
genetic, immunological, environmental, and socio-economic factors interact with each other.
The results of the analyzed studies highlight the critical role of obstetric abnormalities, such as
cervical insufficiency, gestational diabetes, and pregnancy-induced hypertension (Ji et al.,
2022). These disorders can lead to premature activation of labor mechanisms, which suggests
the need for early recognition and the implementation of targeted medical interventions.
Early identification of women with these conditions is crucial, as it would allow for timely
medical interventions that can significantly reduce the risk of preterm birth.

Increasing evidence also points to the role of genetic and immunological factors in the initiation
of preterm birth. Couceiro et al. (2021) demonstrated that polymorphisms in genes regulating
inflammatory responses may predispose individuals to earlier initiation of labor. This suggests
that the inflammatory response, regardless of its initial trigger, may be a key mechanism leading
to the shortening of pregnancy duration. Khandre et al. (2022) emphasized the importance of
pro-inflammatory cytokines and chemokine receptors in inducing premature cervical
maturation and rupture of membranes, which may be particularly significant in populations
with high rates of inflammatory diseases.

These findings further suggest that interventions aimed at modulating the inflammatory
response could significantly reduce the risk of preterm birth, potentially opening new
therapeutic avenues for preventing premature labor.



A noteworthy aspect of the findings is the regional variation in risk factors. In low- and middle-
income countries, maternal malnutrition, infections, and limited access to prenatal care are
identified as key risk factors (Bryce etal., 2022; Sendeku et al.,2021). In contrast, in developed
countries, risk is heightened due to delayed motherhood, the use of assisted reproductive
technologies (ART), and chronic metabolic diseases such as gestational diabetes and
hypertension (Zhang et al., 2022; Kinjyo et al., 2023). These differences highlight the
importance of tailoring preventive measures to the specific needs of different populations.
Thus, preventive interventions must not only be adapted to the individual characteristics of
women but also to the socio-economic context in which they live.

The conducted review significantly adds to the current knowledge, emphasizing the
multifaceted nature of preterm birth risk factors. It has been confirmed that risk factors vary
significantly depending on geographical regions and the level of healthcare system
development. Additionally, the impact of ART on the risk of preterm birth remains unclear and
requires further investigation, particularly in the context of different hormonal stimulation
protocols and the choice of embryo transfer (Gervoise-Boyer et al., 2023).

It is also important to note that the ART-related results suggest the need for a more
individualized approach to women undergoing in vitro fertilization, in order to optimize their
chances of a healthy pregnancy.

Crucially, the studies also emphasize that the effectiveness of preventive strategies should be
adapted to regional health conditions. In developing countries, the priority should be to improve
access to prenatal care and infection treatment, whereas in high-income countries, the focus
should be on implementing more precise diagnostic biomarkers for preterm birth risk and
optimizing ART strategies.

On a global level, the implementation of international standards ensuring equal access to
healthcare, especially in the context of new diagnostic and therapeutic technologies, is also
necessary and would improve health outcomes in various countries.

Despite the broad scope of the conducted review, certain limitations must be acknowledged.
One of the major issues is that most of the studies had a retrospective design, which complicates
the establishment of clear cause-and-effect relationships. The results rely on the analysis of
already existing data, which may lead to systematic errors. Additionally, differences in defining
preterm birth between studies pose challenges in terms of comparability of results. In some
studies, preterm birth was defined simply as delivery before 37 weeks of gestation
(Mitrogiannis et al., 2023), while others only considered extremely preterm births before 32
weeks of gestation (Jietal., 2022). Another issue is the heterogeneity of the populations studied
and the lack of consideration of potential confounding factors such as economic status, BMI,
stress exposure, or previous pregnancy history. Furthermore, in ART-related studies, there was
often a lack of methodological standardization, which may have influenced differences in the
reported results regarding fresh and frozen embryo transfers (Gervoise-Boyer et al., 2023).
Considering the results obtained and the indicated limitations, future research should focus on
several key areas. First, there is a need for the standardization of diagnostic criteria for preterm
birth and the implementation of multi-center prospective studies, which would provide more
precise and comparable data. Second, research on immunological biomarkers should continue,
as these could enable earlier identification of women at risk for preterm birth.
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Specifically, the identification of specific inflammatory markers that could be incorporated into
clinical predictive models is a promising direction. Another important issue is the optimization
of ART protocols to minimize the risk of preterm births. Studies should focus on determining
whether frozen embryo transfer is more beneficial for certain groups of patients and how
different hormonal stimulation regimens impact embryo implantation. In the authors' opinion,
comparative studies evaluating the impact of socio-economic and environmental factors on the
frequency of preterm births in various populations should also be conducted. This would allow
for better tailoring of preventive strategies to the specific characteristics of each region.
Furthermore, it is essential to continue exploring the interplay of environmental and socio-
economic factors, as addressing these broader issues may provide substantial long-term benefits
for reducing preterm birth rates.

The findings obtained may have significant implications for clinical practice and health policy.
In the authors' opinion, integrating genetic and immunological diagnostics with clinical
assessment could enable earlier detection of preterm birth risk, allowing for the implementation
of preventive measures at an earlier stage of pregnancy. In developing countries, the key action
should be to increase access to prenatal care and health education, while in developed countries,
greater emphasis should be placed on individualizing infertility treatment and monitoring
women undergoing ART.

The integration of advanced medical knowledge into clinical practice, as well as responsible
health policy, will form the foundation for effective preventive strategies in the 21st century.
The conducted review highlights the importance of an interdisciplinary approach to preterm
birth prevention, encompassing both biological and environmental aspects. Collaboration
among specialists in maternal-fetal medicine, genetics, and epidemiology is crucial for more
effective prevention of this phenomenon.

Conclusions

Based on the literature review conducted, preterm birth appears to be a complex phenomenon,
involving the interplay of various biological, immunological, environmental, and socio-
economic factors. Consequently, effective prevention of this phenomenon must be based on a
comprehensive approach that includes not only monitoring known risk factors but also
implementing modern diagnostic methods based on inflammatory and genetic biomarkers. A
key role in prevention is the recognition and management of medical factors such as cervical
insufficiency, multiple pregnancies, gestational diabetes, and pregnancy-induced hypertension.
These disorders are strong predictors of preterm birth, and early detection and appropriate
medical intervention can significantly reduce the associated risks.

Increasing attention has also been paid to the importance of inflammatory mechanisms and
genetic predispositions in the pathogenesis of preterm birth. This discovery opens new
perspectives for the development of prognostic tools that could revolutionize the identification
of at-risk women, enabling the earlier implementation of preventive and therapeutic actions.

From a public health perspective, it is also crucial to address the socio-economic barriers that
may limit access to prenatal care. In low-income countries, where access to proper care is
limited, improving the availability of prenatal care and infection treatment is a key priority.



In higher-income countries, where technology and access to care are well-developed, it is
necessary to implement more individualized diagnostic strategies based on modern biomarkers
and optimize assisted reproductive technology (ART) protocols. The effectiveness of
prevention will also depend on the application of modern technologies in the treatment and
monitoring of pregnant women, especially those at higher risk.

Future research should focus on further standardizing the definition of preterm birth and
validating predictive biomarkers that can improve the quality of diagnosis for this phenomenon.
An important direction for development is also the creation of risk assessment tools that will
integrate clinical, immunological, and genetic data. Additionally, research on the optimization
of ART protocols, including the identification of the best patient groups for fresh or frozen
embryo transfers, could further reduce the incidence of preterm birth.

Incorporating elements of health education and psychosocial support into comprehensive
prenatal care will be critical to improving the effectiveness of preventive measures. Health
education should focus on increasing women's awareness of the risk of preterm birth and the
available prevention methods. Psychosocial support, on the other hand, may help women cope
with stress and anxiety associated with pregnancy, which can also contribute to reducing the
risk of preterm birth.

In summary, only an interdisciplinary approach-combining perinatal medicine, immunology,
genetics, public health, and social sciences-has a real chance to effectively reduce the incidence
of preterm births. The integration of advanced biomedical knowledge with clinical practice and
responsible health policy should form the foundation of effective preventive strategies in the
21st century.
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