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SUMMARY

The angiotensin-converting enzyme (ACE) plays crucial role in regulating
blood flow to the placenta and promoting angiogenesis. Variations in the
ACE gene have been linked to adverse preghancy outcomes, including
preterm birth (PTB), defined as delivery before 37 weeks of gestation. PTB
affects approximately 10.6% of live births worldwide, posing significant
health risks to newborns and long-term challenges for families. Despite its
prevalence, the specific mechanisms leading to PTB remain unclear. Results
of existing studies into the insertion/deletion (I/D) polymorphism of the ACE
gene have been inconsistent across different populations. To further
investigate this relationship, we conducted a case-control study on 120
Croatian women with PTB and 85 control subjects who delivered at term,
using polymerase chain reaction for genotyping. Additionally, we performed
comprehensive literature review conducted to gather studies that
investigated association of ACE I/D polymorphism and PTB, yielding a total
of six studies that we included in the meta-analysis. The case-control study
found no significant genetic differences between the PTB and control
groups. However, the meta-analysis showed a modest but statistically
significant association between the II and DD genotypes, suggesting that
individuals with the II genotype may have a lower risk of PTB. Although our
study suggests that the ACE I/D polymorphism does not significantly
contribute to PTB risk, the observed association in the meta-analysis
emphasizes the need for further research. Given the serious consequences
of PTB on neonatal health and family well-being, understanding genetic
factors like I/D ACE polymorphisms is crucial for developing targeted

interventions and improving maternal and neonatal outcomes.

KEYWORDS: angiotensin-converting enzyme, genetics, insertion/deletion

polymorphism, meta-analysis, preterm birth



SAZETAK

Angiotenzin-konvertirajué¢i enzim (ACE) igra klju¢nu ulogu u regulaciji
protoka krvi prema posteljici i poticanju angiogeneze. Varijacije u ACE genu
povezane su s nepovoljnim ishodima trudnoce, ukljucujuéi prijevremeni
porod (PP), koji se definira kao porod prije 37. tjedna gestacije. PP zahvada
priblizno 10,6% sve zivorodene djece diljem svijeta, predstavljajudi
znacajan rizik za zdravlje novorodencadi i dugoro¢ne posljedice za obitelji.
Unatoc visokoj ucestalosti PTB-a, to¢ni mehanizmi koji do njega dovode jos
uvijek nisu razjasnjeni. Dosadasnja istrazivanja o povezanosti
insercijsko/delecijskog (I/D) polimorfizme ACE gena i PP-a dala su
nedosljedne rezultate u razli¢itim populacijama. Kako bismo dodatno
istrazili navedenu povezanost, proveli smo istrazivanje na ukupno 120 Zena
s PP-om i 85 kontrolnih ispitanica koje su rodile u terminu iz Hrvatske,
koristeci lan¢anu reakciju polimeraze za genotipizaciju. Dodatno, proveli
smo i sveobuhvatan pregled literature s ciljem pronalazenja svih do sad
provedenih istrazivanja povezanosti ACE I/D polimorfizma i PP-a, koji je
rezultirao ukljuCivanjem ukupno Sest studija u meta-analizu. Istrazivanjem
provedenim na Hrvatskoj populaciji nisu utvrdene znacajne razlike u
frekvencijama genotipova i alela izmedu skupine s PP-om i kontrolne
skupine. Medutim, meta-analiza je pokazala grani¢nu, ali statisticki
znacajnu povezanost pri usporedbi II i DD genotipova, sugerirajuci da bi
osobe s II genotipom mogle imati manji rizik od PP-a. Iako naSe istrazivanje
pokazuje da ACE I/D polimorfizam ne doprinosi znacajno riziku od PP-a,
uoCena blaga povezanost u meta-analizi ukazuje na potrebu za daljnjim
istrazivanjima. S obzirom na ozbiljne posljedice PP-a na zdravlje
novorodencadi i dobrobit obitelji, razumijevanje genetickih c¢imbenika,
poput I/D ACE polimorfizma klju¢no je za razvoj ciljanih intervencija i

poboljSanje ishoda za majku i dijete.

KLJUCENE RIJECI: angiotenzin konvertirajuci enzim, genetika, insercijsko/

delecijski polimorfizam, meta analiza, prijevremeni porod
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1. INTRODUCTION

1.1. Preterm birth: etiology, classification, and genetic influences

Preterm birth (PTB), defined as delivery before 37 weeks of gestation or
before 259 days from the start of a woman's last menstrual cycle, poses a
considerable global public health issue (1). Data from 107 countries
estimated that in 2014, approximately 10.6% of live births worldwide
(14.84 million) were preterm (2). The high occurrence of PTB and its severe
effects on newborns and their families make it an important focus of
attention. PTB is recognized as a major risk factor for adverse health
outcomes in both the short and long term. In the short term, it is a leading
cause of neonatal illness and death, often resulting in hospitalization within
the first year of life (3,4). Over time, PTB is linked to an increased risk of
conditions such as hypertension, cardiovascular and cerebrovascular
diseases, type 2 diabetes, chronic kidney disease, respiratory issues like
asthma and lung dysfunction, and neurocognitive problems. Furthermore,
PTB is tied to higher health care expenses and socioeconomic challenges
later in life (5).

The causes of PTB are multifactorial, involving both environmental and
genetic factors. Genetic influences on PTB are underscored by its recurrence
in families and high recurrence rates in women (6). Research highlights the
genetic influence on spontaneous PTB, showing that while paternal genes
have minimal impact, maternal and fetal genetics play significant roles.
Estimates indicate fetal genetics account for 5% to 13.1% of spontaneous
PTB variation, while maternal genetics contribute 20.6% to 25% (7).
Additionally, women with a personal or family history of premature birth
face a higher risk (7,8). Furthermore, twin studies suggest that the
heritability of PTB ranges from 17% to 36%, emphasizing the genetic
contribution to this complex condition (6). Therefore, our study focuses

exclusively on maternal genetic factors in relation to spontaneous PTB.



The World Health Organization (WHO) categorizes PTB into the following
groups based on gestational age: extremely preterm (<28 weeks), very
preterm (28 to <32 weeks), and moderate or late preterm (32 to <37
weeks)(9). Between 2010 and 2020, around 15% of all preterm births
worldwide occurred before 32 weeks of pregnancy, requiring more advanced
neonatal care. Specifically, about 4.2% of these births occurred before 28
weeks, while 10.4% were between 28 and 32 weeks (3). This classification
helps in understanding the diverse clinical and genetic factors that
contribute to PTB.

Clinically, PTB can be either spontaneous or medically indicated.
Spontaneous PTB occurs as a result of preterm labor (PTL) accompanied by
cervical dilation or preterm premature rupture of membranes (PPROM). In
contrast, medically indicated PTB is initiated by obstetricians due to
complications, which can occur even in the absence of labor or PPROM.
Recent studies indicate that the underlying causes of spontaneous and
medically indicated late PTB frequently overlap, with vascular abnormalities

in placental blood flow being a common contributing factor (9,10).

Various mechanisms involved in PTB are linked to different clinical
conditions that trigger labor. These mechanisms include placental abruption
causing decidual hemorrhage, maternal conditions such as cervical
insufficiency and uterine overdistension, maternal stress activating the
hypothalamic-pituitary-adrenal axis, infections (both intra- and
extrauterine), inflammation without infection, and PPROM, which serves as

a final common pathway to PTB (3) (Figure 1.).
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Figure 1. Various potential pathways leading to preterm birth (Adapted

from Samuel TM et al. by BioRender software) (3).

Although the precise molecular mechanisms of labor initiation are not fully
understood, it is widely recognized that the labor cascade involves
spontaneous activation of pro-inflammatory pathways, resulting in various
clinical conditions. At the molecular level, this process is mediated by
progesterone and includes the activation of progesterone receptor-B (PR-B)
and its less active nuclear isoform, progesterone receptor-A (PR-A). It is
essential to sustain the balance between inflammation and progesterone
throughout labor (3,6).

Genetic predispositions for PTB represent a complex area of research that
encompasses various mechanisms and influences. In candidate gene
studies, researchers have identified more than 750 SNPs within more than
240 genes affiliated with risk of PTB and gestational length (11). These
genes are often involved in processes such as inflammatory reactions,

immune responses, tissue remodeling and metabolic function (12).

One of the important mechanisms that have been investigated is the

inflammatory response during pregnancy. Labor is believed to be triggered
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in part by a shift from a balanced inflammatory state to a pro-inflammatory
state (12). Examples of genes that have been shown to be associated with
PTB include toll-like receptors (TLR1, TLR2, TLR7), which have a crucial role
in pathogen recognition. Polymorphisms in these genes are associated with
an increased risk of premature birth both in the mother and in the newborns
(11,12). In addition, research has focused on the gene encoding pro-
inflammatory and anti-inflammatory cytokines. For instance, interleukin 6
(IL-6) and interleukin 10 (IL-10) are frequently investigated for their role in
regulating inflammatory responses (12). Polymorphisms in these genes are
associated with PTB, suggesting that individual differences in these genes
may influence the likelihood of PTB. Studies has also shown the importance
of genes involved in tissue remodeling, such as MMP-9 (matrix
metalloproteinase 9) COL1A1 (collagen type I), which play a key role in
structural changes during pregnancy. These genes are associated with
mechanisms that allow the cervix to soften and prepare the body for
childbirth. Metabolic pathways are also of importance; such examples are
insulin-like growth factor 1 (IGF1) and IGF2, which are important for fetal
growth and development. Polymorphisms in these genes are connected to
elevated risk of PTB, which increases the role of metabolic homeostasis in

maintaining pregnancy (11,12).

Given all these findings, although candidate gene studies have provided
significant insights, results are often inconsistent due to small samples and
lack of repeated analyses (12). Further research, including larger studies
with carefully selected phenotypes, is needed to enhance the identification
of women at elevated genetic risk for PTB. Understanding genetic
predispositions could help develop new strategies for the prevention and

management of PTB.

Understanding the genetic risk factors associated with PTB is critical for
unraveling its etiology and developing preventive strategies. Despite
significant research into genetic polymorphisms related to PTB, clear

associations with high-risk cases remain elusive (5). This underscores the

4



necessity for continued research and the development of personalized

approaches to prevent and manage this complex medical condition.

1.2. Angiotensin-converting enzyme (ACE)

Angiotensin-converting enzyme (ACE) is essential in human physiology due
to its multifaceted role in several systems. It is directly involved in the
renin-angiotensin-aldosterone system (RAAS), the kinin-kallikrein system,
the breakdown of amyloid-beta peptides in vitro, the activity of
glycosylphosphatidylinositol-specific phospholipase D (GPI-PLD), and signal

transduction (13).

ACE is zinc dipeptidyl carboxypeptidase and can be found in different
isoforms, somatic and testicular, which differ in structure and function
(Figure 2.)(14). The somatic isoform (sACE, 150-180 kDa) can be found in
endothelial, epithelial and neuroepithelial cells and smaller testicular
isoform (tACE, 90-110 kDa) can only be found in male germinal cells. sACE
isoform contains two catalytic domains, N-terminal domain (ACE_N) and C-
terminal domain (ACE_C), that are responsible for the degradation of

different peptides, while the tACE isoform has only one active center (15).
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Figure 2. Structure of human ACE (A) Diagram illustrating the structure of
ACE isoforms, highlighting the N-domain (left) and C-domain (right) (B)
Crystal structures of N-domain ACE (PDB code: 2C6F) and tACE (PDB code:
108A) (Taken from Masuyer G. et. al.) (14).

ACE plays crucial role in RAAS (Figure 3.). When ACE comes into contact
with angiotensin I, an inactive decapeptide, it acts on C-terminal end of the
peptide and removes two amino acid residues, creating the active
octapeptide angiotensin II. This process is crucial in the control of blood
pressure, because angiotensin II acts as a powerful vasoconstrictor,
narrowing blood vessels and elevating blood pressure. RAAS is also crucial
for body fluid balance (16).
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Figure 3. Schematic Representation of the Renin-Angiotensin-Aldosterone
System (RAAS) (Adapted from Patel S. et al. by BioRender software) (16).

In the kinin-kallikrein system, ACE breaks down bradykinin, turning it into
inactive metabolites. Bradykinin increases the permeability of blood vessels,
causes pain and participates in inflammatory processes. ACE inactivates
bradykinin, which reduces its effects such as dilation of blood vessels,
inflammation and pain. Thus, ACE controls the duration and intensity of
bradykinin effects (13,15).

Amyloid-beta peptides are proteins that accumulate in the brain in
Alzheimer's disease and form harmful plaques. ACE can degrade these
peptides under laboratory conditions. ACE catalyzes the breakdown of
amyloid-beta peptides by removing certain parts from them, thus reducing

their amount and potential harm; potential treatment (15,17).

Studies suggests that ACE can also modify the activity of GPI-PLD. ACE may

be associated with modification or regulation of GPI-PLD activity through



various mechanisms, including changes in cell signaling or interactions with

other proteins (17).

1.3. ACE insertion/deletion (I/D) polymorphism

The ACE gene is located on chromosome 17g23, spans 20.5 kb, and consists
of 26 exons and 25 introns of varying length (Figure 4.)(18). Within this
gene, which encodes for a functional enzyme, there are multiple genetic
variations that can influence its function and regulation referred to as

polymorphisms and mutations.

%% 3 2 g §§
iz 3 3 e 3 23
1 1 |

Exon 1 Exon 25

. 20.5kb .

Figure 4. Diagram of the ACE gene showing the distribution of exons,
introns and several polymorphisms: rs4459609: A>C, rs1800764:
C>G/C>T, rs4309: C>T, rs4343: A>G, rs4363: G>A/G>C, rs9896208:
T>A/T>C (Taken from Bell et al.) (19).

Gene polymorphisms represent variations in the DNA sequence that occur
in a relatively high frequency, usually above 1% population and can have
various functional effects (20). They can influence different traits such as
susceptibility to diseases, drug metabolism, and responses to
environmental factors, ultimately contributing to genetic diversity and
individual variability in physiology and health outcomes. These variations

can include changes in a single nucleotide (known as SNP - single nucleotide



polymorphisms), as well as longer sequences that can be duplicated,

deleted or rearranged (21).

On the other hand, a mutation is a change in the DNA sequence that occurs
as a result of an error in DNA replication or exposure to mutagenic agents.
Mutations are relatively rare and usually occur at a lower frequency than
polymorphisms and are often considered abnormal or pathological. These
can have serious functional effects, such as disorders or diseases, by
causing changes in protein structure or function. Examples of mutations
include genetic disorders such as cystic fibrosis and Huntington's disease
(22).

Polymorphisms and mutations play a crucial role in genetic diversity and
can significantly affect an individual's phenotype, including enzyme
function. Polymorphism can cause changes in the amino acid sequence of
an enzyme, which can affect its three-dimensional structure and,
consequently, its function. Polymorphisms can also affect the level of
enzyme expression. Variations in the promoter or other regulatory regions
of a gene can lead to increased or decreased enzyme production. A third
way polymorphisms affect is by changing the way the enzyme reacts with
its substrate. If the polymorphism causes a change in the active site of the
enzyme, it can result in reduced or increased affinity for the substrate,
which directly affects the speed and efficiency of the chemical reaction that
the enzyme catalyzes (23). Moreover, polymorphisms can also affect drug
metabolism, which can result with various clinical consequences. For
example, variations in genes encoding drug-metabolizing enzymes can
result in different responses to therapy, including side effects or reduced

drug efficacy (23).

According to the National Center for Biotechnology Information (NCBI), over
160 ACE gene polymorphisms have been identified, with the majority being
single nucleotide polymorphisms. Of these polymorphisms, only 34 are
located in coding regions, and 18 represent missense mutations (24). ACE

gene SNPs (examples in Figure 4.) can affect the expression of the enzyme
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and its function and thus lead to numerous changes in the physiology of the

enzyme. Such modifications have different consequences and risks for the

development of the diseases (Table 1).

Table 1. ACE polymorphisms and their association with pathological

conditions in humans.

ACE SNP Disease Association Reference
rs4291 Alzheimer’s disease (25,26)
rs4309 Alzheimer’s disease (25)
rs4340 Metabolic syndrome (27,28)

Type 2 diabetes
rs4343 Preeclampsia (25,29)

Alzheimer’s disease

SARS-CoV-2 infection (30)
rs4363 Myocardial infarction (31)
rs1800764 Severe neuropathy in type 1 diabetes (32)
rs9896208 Severe neuropathy in type 1 diabetes (32)
rs1799752 Hypertension (8,33-37)

Migraine

Coronary Artery Disease (CAD)

Cancer

Diabetes

Diabetic Nephropathy

Alzheimer's Disease

Pregnancy Complications

SARS-CoV-2 infection
rs12449782 Myocardial infarction (31,38)

10



Previous research shows that some ACE SNPs, especially rs12449782 and
rs4363, are potentially associated with the risk of myocardial infarction, but
these effects are complex and dependent on interactions with other genetic
variants and environmental factors (31). The research also confirmed the
association of SNPs rs1800764 and rs9896208 with the progression of
severe neuropathy in type 1 diabetes (32). Moreover, it has been found that
the rs4343 polymorphism is linked with an increased risk of preeclampsia
in pregnant women. SNPs rs4343, rs4291 and rs4309 have been connected
with the development of Alzheimer's disease, but a recent meta-analysis
did not find a significant link between these SNPs and the development of
Alzheimer's disease (25). In addition to all of the above, ACE SNPs have
also been associated with SARS-CoV-2 infection (30), hypertension (8),
metabolic syndrome, excess body weight (27), and the risk of type 2
diabetes (39). Some ACE SNPs increase susceptibility to migraine,
suggesting a possible genetic component in the development of this
condition (40).

The most notable and extensively researched polymorphism of the ACE
gene, the I/D polymorphism (rs1799752), has been identified as a critical
genetic variation that influences ACE plasma levels and activity (41,42). The
ACE I/D polymorphism consists of the presence or absence of a 287-base
fragment within intron 16 of the ACE gene, resulting in three possible
genotypic combinations: II (homozygous for the I allele), ID (heterozygous)
and DD (homozygous for the D allele) (43). The insertion allele of ACE gene
that features an insertion of 287 pb Alu repetitive sequence in intron 16, is
associated with lower ACE plasma activity. Deletion allele does not have this
insertion and is associated with higher ACE plasma activity. The DD
genotype produces the highest levels of ACE in plasma, the ID genotype

results in moderate levels, and the II genotype yields the lowest levels (44).

ACE I/D polymorphism are connected with various conditions, including
cardiovascular diseases, asthma and cancer. Studies have shown that the

DD genotype of the ACE enzyme is associated with an increased risk of

11



coronary heart disease (CAD)(45). ACE polymorphisms are also associated
with arterial hypertension and proteinuria (46). These findings suggest that

the polymorphism may be useful for predicting response to therapy (34).

Recent research has also focused on the impact of ACE polymorphisms on
the severity and outcome of COVID-19 disease. The research showed that
certain polymorphisms of ACE2, which is related to ACE, could influence the
clinical picture of the disease, especially in younger patients (37). These
results indicate a complex interaction between genetic variation and
infections (47,48).

ACE polymorphisms have also been investigated in the context of other
diseases, including diabetes (36), Alzheimer's disease (49), and cancer
(35,50). The association between the I/D polymorphism and diabetic
nephropathy suggests that genetic variation may influence disease

progression and response to treatment (51).

Considering its connection to the RAAS and different pregnancy
complications, dysregulated ACE activity has also been associated with
negative pregnancy outcomes, such as PTB, which is a major risk factor for

infant mortality (52).

Taking the above into account, genotyping of the ACE I/D polymorphism
has an important role in researching the association between genetic
variants and predispositions to different diseases, such as hypertension and
other cardiovascular disorders. Various research has demonstrated that the
D allele may be connected with an increased risk of these conditions, while
the I allele may have a protective effect (45). These findings contribute to
a clearer insight of the genetic factors that influence health and can help in
the development of personalized approaches to the treatment and

prevention of diseases.
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1.4. ACE I/D polymorphism in preterm birth

The ACE I/D polymorphism has been a central point of humerous scientific
investigations, particularly concerning its association with pregnancy and
the potential adverse effects on both maternal health and newborn
outcomes. This genetic variant, which involves an insertion or deletion in
the ACE gene, has been linked to various health complications during

pregnancy and after delivery.

Earlier studies have established a connection between the ACE I/D
polymorphism and health issues in children born prematurely. Notably,
Harding et al. (2003) found that the DD genotype, which is associated with
increased ACE activity, plays a significant role in the development of
preterm cardiorespiratory diseases (53). Following this, in 2005, the same
researchers explored the relationship between the ACE I/D polymorphism
and the motor and cognitive development of children born prematurely.
Their investigation aimed to determine whether any of the ACE
polymorphisms were linked to developmental challenges in these children
and considered the potential of ACE inhibitors as a neuroprotective
treatment. However, this study did not find any statistically significant

correlations (54).

In addition to these findings, a wealth of research has examined the
implications of the ACE I/D polymorphism for women during pregnancy.
Studies have established associations between this polymorphism and
conditions such as preeclampsia, infertility, endometrial cancer and more.
For instance, Gonzalez-Garrido et a. (2017) demonstrated that the D allele
significantly raises the risk of developing preeclampsia among Mexican
women, aligning with the observation that the DD genotype correlates with
heightened ACE enzyme activity (55). The hypothesis has also been

confirmed by studies on the Chinese population (56).

The ACE I/D polymorphism is also suspected to contribute to infertility,

primarily due to its involvement in RAAS regulation. Dysregulation of RAAS

13



can lead to complications such as thrombophilia, preeclampsia, and
recurrent pregnancy loss. The RAAS may influence these complications
through the fibrinolytic pathway, which affects blood clotting and vascular
function. Furthermore, the ACE I/D polymorphism, in conjunction with other
molecules like PAI-1 and AT1R, may significantly impact these processes,
potentially leading to fertility issues (57). Moreover, evidence suggests that
the ACE I/D polymorphism increases the likelihood of developing polycystic
ovary syndrome (PCOS) at an early age and is significantly associated with

acanthosis, a marker of insulin resistance (58).

Additionally, previous studies have also explored the potential link between
the I/D polymorphism of the ACE gene and PTB, but the results have been

inconsistent across different populations.

Valdez et al (2007) found a notable association between D allele and
increased risk of PROM in Mexican population (59). Similarly, Uma et al.
(2008) reported a correlation between the DD genotype and PTB in a
Caucasian group (60). Conversely, Uvuz et al. (2009) did not observe any
significant links between the ACE gene I/D polymorphism and PTB in a
Turkish population (61).

A meta-analysis focusing on Asian populations suggested that the ID
genotype of the ACE gene I/D polymorphism may have a protective effect
against PTB (62). However, another meta-analysis focusing on Slovenian
cohort found no significant association between ACE 1I/D polymorphisms and
PTB (63). These discrepancies highlight the complexity of genetic influences
on PTB and suggest that further research is necessary to clarify these

associations and their implications.

Since the relationship between ACE I/D polymorphisms and PTB remains
contested, this thesis centers on further elucidation of its role in this specific
pathological state. Some studies, particularly those conducted in Asian
population (62), have found significant associations between the ACE

polymorphism and PTB risk, while others have shown no correlation (63).
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These discrepancies may be due to genetic diversity between populations,
environmental factors, or variations in study design. By concentrating on
the Croatian population, this study aims to fill the gaps in existing research,
providing a clearer understanding of how ACE gene polymorphisms may
contribute to PTB risk in this specific population. This research will further
explore the underlying mechanisms by which ACE activity may influence
PTB. As ACE is involved in the regulation of blood pressure and vascular
tone, its role in placental function and uterine environment during
pregnancy is of particular interest. Understanding mechanisms of
dysregulation of ACE levels at a molecular level may reveal how specific
ACE genotypes interact with other risk factors, such as inflammation,

infection, or maternal stress, to trigger early labor.

Moreover, if particular ACE genotypes are identified as increasing the
likelihood of PTB, this information could be applied to improve prenatal care
by allowing for earlier identification of women at higher risk. These women
could then benefit from targeted interventions, such as closer monitoring
or specialized treatments aimed at preventing premature labor. This
approach aligns with the growing emphasis on personalized medicine,
where genetic insights help tailor medical care to individual risk profiles.
The findings from this research may contribute to our ability to predict and
prevent PTB and also support the development of more targeted and
effective prenatal care practices, ultimately improving maternal and

neonatal health outcomes.
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2. AIMS

The primary aim of this thesis is to investigate the association ACE I/D
polymorphisms and the risk of preterm birth, through a combined approach
of a case-control study and a meta-analysis. The ACE I/D polymorphism,
which affects the regulation of angiotensin II and its impact on blood
pressure and vascular function, is hypothesized to contribute to an
increased risk of preterm birth due to its influence on placental development

and maternal hemodynamics.
Specific aims of the thesis were:

e To determine and compare the frequencies of genotypes and alleles
of the ACE I/D polymorphism between individuals who experienced
preterm birth and a healthy control group in the Croatian population.

e To assess the relationship between different genotypes and alleles of
the ACE I/D polymorphism with susceptibility to preterm birth across
various genetic models in the Croatian population.

e To perform a meta-analysis of existing studies to assess the overall
association between ACE I/D polymorphisms and preterm birth across
different populations.

e To statistically analyze and compare the findings from both the case-
control study and meta-analysis, evaluating the role of the ACE I/D

polymorphism in contributing to preterm birth.
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3. MATERIALS AND METHODS
3.1. Case-control study

3.1.1. Subjects

A total of 205 subjects were included in the analysis: 120 patients
diagnosed with PTB and 85 controls (women at =37 weeks gestation). Blood
samples were collected in cooperation with doctors from Clinical hospital
center (KBC) Rijeka after childbirth. All participants in this case-control
study were Croatian, having given written informed consent prior to their
involvement. Inclusion criteria for test group comprised women who
underwent spontaneous labor before completing 37 weeks of gestation.
Controls were healthy mothers of similar age who had an uncomplicated
pregnancy, delivered after 37 weeks, and had neonates with appropriate-

for-gestational-age birth weight.

3.1.2. DNA extraction

For DNA analysis, leukocyte-isolated DNA from maternal blood postpartum
was utilized by Flexigene method. We started by preparation of reagents,
including proteinase dissolution in FG3 buffer and preparation of the
FG2/proteinase mixture, which must be used within one hour. After the
blood is dissolved and heated in a water bath to 65°C, it is mixed with FG1
buffer, centrifuged, and the supernatant is removed. The pellet is then

treated with FG2/proteinase mixture and homogenized by vortexing.

After incubation at 65°C, the DNA is precipitated with isopropanol,
centrifuged, washed with ethanol, and air-dried. Last, the precipitate is
dissolved in FG3 buffer, incubated at 65°C and transferred to a test tube
for further analysis. Genotyping of the ACE I/D polymorphism was

performed using polymerase chain reaction (PCR).

3.1.3. Genotyping

Genotyping was conducted using PCR, a key technique in molecular biology

used to amplify specific DNA sequences. In the context of ACE I/D
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polymorphism genotyping, PCR enables the detection of different alleles

that can have a significant impact the risk of various diseases.

After genomic DNA isolation, PCR is performed using specific oligonucleotide
primers that are designed to amplify the region containing the
polymorphism. A standard PCR protocol includes three main stages:
denaturation, annealing and extension. In the denaturation phase, the DNA
sample is heated to a high temperature (94-96 °C), which causes the DNA
double strands to separate. In the annealing phase, the temperature is
reduced (50-65 °C) to allow binding of primers to complementary DNA
sequences. Finally, in the extension phase, the temperature is increased to
72 °C, which allows Tag polymerase to synthesize a new strand of DNA,
using the existing strands as a template (64). Protocol of temperature cycles

used in the PCR for the ACE I/D polymorphism is shown in Table 2.

Table 2. Protocol of temperature cycles used in the PCR for the ACE I/D

polymorphism.

Step Temperature Time Cycles humber
Denaturation 94°C 5 min 1
94°C 1 min
Hybridization 60°C 1 min 30
72°C 2 min
Elongation 72°C 5 min 1

The PCR reaction was conducted in a total volume of 10 pyL. Content of the
mixture for PCR analysis of ACE I/D polymorphism for one sample is shown
in Table 3.
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Table 3. Content of the mixture for PCR analysis of ACE I/D polymorphism

for one sample.

quantity (1 sample)

10 x PCR buffer 1 pl
25 mM MgCl 0,6 i
10 mM dNTP 0,2 pl
10 x primer F 0,5 ul
10 x primer R 0,5 ul

Bidistilled water 6,07 ul

Taq polymerase 0,13 pl

DNA 0,2 ul

PCR amplification was carried out using a Mastercycle Personal thermal
cycler, Eppendorf (Hamburg, Germany) with elongation cycle repeating 30

times.

After PCR amplification, the products are analyzed by agarose gel
electrophoresis. This method enables the separation of amplified fragments
according to their size. Fragments of different lengths correspond to
different genotypes. Visualization of the results is usually done under UV
light after staining the gel with ethidium bromide or other dyes that bind to
DNA (64).

PCR products were separated on agarose gel using electrophoresis and then
were visualized (Figure 5). Visualization was done under UV light after
staining the gel with ethidium bromide. We recognized the II genotype on
an agarose gel as a single large fragment. In this genotype, the DNA
sequence has the insertion polymorphism that would alter the size of the
amplified DNA fragment. The II genotype is typically observed at

approximately 490 bp. We saw DD genotype on an agarose gel as a single
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smaller fragment, which represents a PCR product that is shorter due to the
presence of a deletion polymorphism. The DD genotype is typically observed
at approximately 190 bp. In the case of the ID polymorphism, we were able
to see two distinct fragments, which represent a combination of the first

two genotypes.

Figure 5. The gel after visualization with UV light: three different genotypes
are distinguished: DD, II, ID (left to right).

3.1.4. Statistical analysis

Statistical data analysis was performed using Statistica software for
Windows, version 12 (StatSoft, Inc., Tulsa, OK, USA) and MedCalc for
Windows, version 14.12.0. (MedCalc Software, Mariakerke, Belgium. We
calculated the frequency of alleles, as well as the frequency of individual
genotypes. A Chi-square test was conducted to examine the association

between preterm delivery and specific allele and/or genotype.
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3.2. Meta-analysis

3.2.1. Search strategy, study selection and data extraction

We initiated the literature selection process for the meta-analysis by
searching the PubMed, Google Scholar, and Scopus databases using
keywords and their combinations, such as "preterm birth," "ACE enzyme,"

and "ACE polymorphism."

After the initial database search, we reviewed the search results and
selected relevant literature based on predefined inclusion criteria. The
exclusive criteria for exclusion were studies that did not provide data on the
frequency of genotypes and/or alleles or did not adhere to the Hardy-

Weinberg equilibrium (HWE) in control groups (p<0.05).

Data were thoroughly extracted from the selected studies, including sample

sizes, genotype distributions, and demographic information.

3.2.2. Conduction of meta-analysis

The meta-analysis of data was performed using Comprehensive Meta-
Analysis 3.0 software, a powerful tool designed for conducting systematic
reviews and meta-analyses. This software facilitates the integration of data
from multiple studies, allowing for a comprehensive evaluation of the overall

effect size and the assessment of heterogeneity among studies.

To begin, we entered the relevant data from each selected study, including
sample size and genotype frequencies. The software supports various
statistical models, enabling us to choose between fixed-effects and random-
effects models based on the level of heterogeneity observed in the data. We
assessed heterogeneity using the I2 statistic, which quantifies the
percentage of variation across studies that is attributable to heterogeneity

rather than chance.

21



In addition to calculating pooled odds ratios and confidence intervals, CMA
3.0 provided tools for conducting sensitivity analyses to evaluate the

robustness of our findings.

Furthermore, we performed subgroup analyses to explore potential
differences in effect sizes based on demographic factors, such as ethnicity
and geographical location. This comprehensive approach allowed us to
identify patterns and draw more nuanced conclusions regarding the

association between the ACE gene I/D polymorphism and preterm birth.

Overall, the use of Comprehensive Meta-Analysis 3.0 software significantly
enhanced the rigor and clarity of our analysis, ensuring that our findings

are both reliable and informative for future research in this area.
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4, RESULTS
4.1. Case-control study

4.1.1. Subjects
120 PTB and 85 control subjects participated in the study. Clinical

characteristics of those two tested groups are shown in the Table 4.

Table 4. Maternal characteristics of participants in PTB and control groups

Cases Controls

(N=120)  (N=85) P

Mean age at delivery /

median (range) 33 (20-45) 34 (20-45) 0.092

Prepregnancy BMI /

median (range) 24 (17-44) 24 (16-39) 1.000

Gestational age at delivery /

median (range) 34 (23-36) 39 (37-41) <0.001

Extremely preterm <28 weeks / N

(%) 6 (8.1)
Very preterm 32-28 weeks /
N (%) > (6.8)
Moderate to late preterm 32-36 weeks
/ N (%) 63 (85.1)
Smoking during pregnancy
Yes / N (%) 16 (13.3) 14 (16.4) 0.531
No / N (%) 104 (86.7) 71 (83.6)

There was no statistically significant difference of the mean age between
tested groups (mean age at delivery for the PTB group was 33 years, while
for the controls, it was 34 years, with a p-value of 0.092. Pregnancy BMI
was identical for both groups (24), with the p-value of 1.000. Of course, the
gestational age at delivery significantly differs between the groups, with an
average gestational age of 34 weeks for cases compared to 39 weeks for
controls, with a p-value less than 0.001. Regarding preterm births, 6 cases
(8%) were extremely preterm (<28 weeks), 5 cases (7%) were very

preterm (28-32 weeks), while 63 cases (85%) were moderate to late
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preterm (32-36 weeks). In relation to smoking during pregnancy, the
percentage of smokers was 16% in the controls and 13% in the cases, with
a p-value of 0.531 indicating that there is no significant difference between

the groups.
4.1.2. Genotyping

After PCR was conducted under conditions display in table 1. and table 2.,
our samples were visualized on 11 gels using UV light after PCR analysis.
Figure 6. shows example of one of the gels obtained after visualization
under UV light. Shorter fragment represents the II genotype, the larger
fragment represents the DD genotype, while the ID genotype is

distinguished as a combination of these two genotypes.

Figure 6. The example of a gel after visualization with UV light: three

different genotypes (DD, II, ID) are clearly visible.

Genotyping results were obtained for a total of 205 subjects from the
Croatian population, of which 85 were controls and 120 subjects in the PTB
group (Table 5). In the control group, 42 (49%) subjects had the ID
genotype, 30 (35%) of them had the DD genotype, while 13 subjects had
the II (14,5%) genotype. In the PTB group, 59 (50%) subjects had the ID
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genotype, 39 (31%) subjects had the DD genotype, and 22 (19%) subjects
had the II genotype. The analysis of allele frequencies revealed that in the
PTB group the frequencies of alleles I and D were 43% and 57%, while in
the control group they were 40% and 60%. To investigate the association
between ACE polymorphisms and PTB, x2 tests were performed. The chi-
square value was 0.39, and the p- value was 0.83. This p-value is
significantly higher than 0.05, which indicates that there is no statistically
significant difference between the expected and actual frequencies in the

analyzed groups.

Table 5. Frequencies of genotypes and alleles of the ACE I/D polymorphism
in PTB and control groups. Results of ACE I/D polymorphism genotyping.

PTB mothers Controls X2 OR (95% CI) p

N (%) N (%)
Alleles
I (%) 103 (40%) 68 (43%) 0,34 0.83(0,52-1,34) 0,56
D (%) 137 (60%) 102 (57%)
Genotype

ID (%) 59 (50%) 42 (49%) 0,39 0,80 (0,51-1,26) 0,83
II (%) 22 (19%) 13 (14,5%)
DD (%) 39 (31%) 30 (35%)

Furthermore, analysis was performed using different genetic models,
including allelic, dominant, recessive, and overdominant models, to
investigate the potential association between the ACE I/D SNP and the risk
of PTB (Table 6.).
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Table 6. Association of ACE I/D polymorphism with the risk of PTB under

different genetic models.

GENETIC MODEL OR (95% Cl) p X2
Allelic model Ivs.D 0.92 0.8255 0.0486
[0.78;1.16]
Dominant model DD + ID 1.27 0.6635 0.1892
vs. II [0. 58;2.56]
Recessive model DD vs. 0.84 0.6618 0.1913
ID+1I [0.69;1.02]
Overdominant IT1+DD 1.02 1.0 0.0
model vs. ID [0.59;1.79]

In the allelic model, the odds ratio (OR) for allele I versus allele D was 0.92,
indicating that there is no significant difference between these two alleles
in the risk of PTB. Similar results were reported in the dominant model,
where the OR was 1.27, which also suggests a lack of statistically significant
association between genotypes and risk of PTB. In the recessive model, the
OR was 0.84, while the overdominant model showed an OR of 1.02. These
results confirm that none of the examined genetic models indicate a

significant influence of ACE polymorphisms on the risk of premature birth.

Based on the results of the x2 test (Table 4.), we cannot reject the null
hypothesis (Ho) which states that there is no statistically significant
association between ACE polymorphisms and preterm birth. P-values
indicate that there is no evidence to support the alternative hypothesis (H1)
of the existence of a significant association. Overall, the results suggest that
ACE genetic polymorphisms do not play a significant role in the risk of

preterm birth in the analyzed populations.
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4.2. Meta-analysis

A thorough and systematic literature search was performed using the
PubMed, Google Scholar, and Scopus databases, yielding 5902 articles.
After removing duplicates, non-English articles, and non-relevant
publications such as reviews, case reports, book chapters, and incomplete
publications like conference abstracts, 77 articles remained for evaluation
based on their titles and abstracts. Of these, 43 articles were excluded due
to the lack of data on genotype and allele frequencies or failure to meet the
Hardy-Weinberg equilibrium (HWE) criteria in control groups (p < 0.05).
The detailed process of the literature search is illustrated in the PRISMA flow
diagram presented in Figure 7. Ultimately, 5 articles were deemed eligible
for data extraction on sample sizes, genotype distributions, and

demographic information, and were included in the meta-analysis.

Identification of studies via databases

)

. ; Records removed before
Records identified from screening:

PubMed, Google Scholar, — ¥ Duplicate records removed (n
Scopus = 4958)
Databases (n = 5302)

Identification

—_ Records excluded
l (n=867)
— - reviewsicase report/book chaptersincomplete

publications (e.g. conference abstract)
tested other factors of PTB

cell lines/animal models/in silico studies
not written in English language

Records screened

(n=944)

Reports sought for retrieval Reports not retrieved
(n=7T) (n=43)

!

Reports assessed for eligibility Reports excluded:
(n=34) —¥| - not including genotype data (n = 15)

not ACE polymorphism (n =7)
only fetal subjects, no maternal genetics (n = 8)

v

A4

Screening

v

Studies included in meta-
analysis
(n=35)

[ Included ] [

Figure 7. PRISMA flow diagram showing illustrating the study selection
process in this meta-analysis. (Figure done by PRISMA flow diagram
generator software)
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After screening and selection, our meta-analysis included data from a total
of 600 PTB mothers and 602 controls (incorporating our case-control study)
(Table 7.). This expanded sample size provided greater statistical power to
investigate the association between ACE genetic polymorphisms and

preterm birth risk.

Table 7. An overview of studies linking ACE I/D polymorphism to PTB

included in the meta- analysis.

Authors Year Country PTB Control Conclusion P
Valdez et 2004 Mexico 288 89 D allele increased 0,02
al. risk of PROM
Umaetal. 2008 UK 18 83 DD allele 0,04
increased risk of
PTB
Uvuz et al. 2009 Turkey 50 50 0,40
Hocevar et 2019 Slovenia 217 158 0,15
al.
Noo Ri Lee 2019 Asia 111 143 ID genotype 0,03
et al. protective
Our study 2024 Croatia 120 85 0,83

We examined the association between a genetic variant and preterm birth
(PTB) using various genetic models: allelic, genotypic (all three genotypes),
dominant, recessive, and overdominant. The findings of the meta-analysis

are presented in Table 8. and Figure 8.
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Table 8. Meta-analysis of ACE I/D polymorphism in association with PTB under different genetic models. (Statistic

was done by Comprehensive Meta-Analysis 3.0 software)

IvsD II vs DD II vs ID DD vs ID IIvsDD +ID | DD+ II vs ID | ID+ II vs DD
Study OR p OR p OR p OR p OR P OR P OR p
[CI] [CI] [CI] [CI] [CI] [CI] [CI]
v 0,772 0,564 0,634 0,124 0,608 0,897 0,785
Hocevar et al 0,082 0,062 0,103 0,632 0,060 0,605 0,294
[0,577-1,033] [0,310-1,029] [0,367-1,097] [0,697-1,810] [0,362-1,021] [0,595-1,352] [0,595-1,352]
) 1,148 1,000 1,774 1,744 1,525 1,744 0,744
Noo Ri Lee et al 0,456 1.000 0,044 0,148 0,104 0,030 0,412
[0,7981-1,651] [0,467-2,142] [1,014-3,000] [0,821-3,704] [0,917-2,534] [1,054-2,886] [0,367-1,508
1,509 1,130 1,237 1,094 1,204 1,161 0,971
Uma et al 0,259 0,872 0,743 0,889 0,764 0,775 0,962
[0,739-3,082] [0,253-5,042] [0,347-4,406] [0,309-3,868] [0,359-4,040] [0,418-3,228] [0,292-3,235]
0,585 0,542 1,306 0,546 0,777 0,997 0,598
Uvuz et al 0,064 0,260 0,288 0,026 0,438 0,922 0,311
[0,332-1,031] [0,186-1,575] [0,799-2,136] [0,320-0,931] [0,410-1,471] [0,539-1,845] [0,221-1,616]
0,776 0,475 0,678 1,426 0,604 0,997 0,643
Valdez et al 0,079 0,045 0,238 0,240 0,108 0,989 0,124
[0,586-1,029] [0,229-0,984] [0,355-1,292] [0,789-2,578] [0,327-1,166] [0,607-1,636] [0,366-1,129]
1,362 1,372 1,205 0,878 1,269 0,977 1,194
Our study 0,142 0,459 0,645 0,682 0,534 0,934 0,556
[0,902-2,057] [0,594-3,172] [0,546-2,659] [0,471-1,637] [0,599-2,680] [0,599-1,705] [0,661-2,156]
0,906 0,718 1,205 1,029 0,903 1,080 0,803
Pooled 0,206 0,050 0,773 0,874 0,580 0,493 0,100
[0,778-1,056] [0,516-1,000] [0,734-1,515] [0,726-1,458] [0,629-1,296] [0,876-1,345] [0,618-1,043]
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Study name Statistics for each study Odds ratio and 95% CI

Odds Lower Upper Relative

ratio limit limit Z-Value p-Value weight
Hocevar et al 0,564 0,310 1,029 -1,865 0,062 30,34
NooRilLeeetal 1,000 0467 2,142 0,000 1,000 18,87
Uma et al 1,130 0,253 5,042 0,161 0,872 4,90
Uvuz et al 0,542 0,186 1,575 -1,126 0,260 F 9,62
Valdez et al 0,475 0,229 0,984 -2,003 0,045 20,66
Our study 1,372 0,594 3,172 0,740 0,459 | 15,61
Pooled 0,718 0,516 1,000 -1,959 0,050 -

01 0,2 0,5 1 2 5 10
Favours A Favours B

Figure 8. Forest plot of ACE II vs. DD genotype in association with PTB

(Statistic was done by Comprehensive Meta-Analysis 3.0 software)

The results indicate a marginal statistical significance in the genotypic
model comparing the II genotype to the DD genotype. Our analysis yielded
a p-value of 0.050, which is borderline significant, with a 95% confidence
interval of 0.718 [0.516-1.000]. This suggests a potential association
between the II genotype and a reduced risk of preterm birth compared to

the DD genotype.

In the allelic, dominant, recessive, and overdominant models, no
statistically significant differences were observed between the PTB group
and the control group. The p-values in these models did not reach the
threshold for statistical significance, indicating that the genetic variant may
not have a strong association with preterm birth when analyzed using these

alternative models.

In addition to our previous analyses, we conducted a further investigation
by focusing to Caucasian populations to explore potential differences
specific for its demographic. The results of this analysis are detailed in Table
9.
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Table 9. Meta-analysis of ACE I/D polymorphism in association with PTB in Caucasian population. (Statistic was done by

Comprehensive Meta-Analysis 3.0 software)

IvsD II vs DD II vs ID DD vs ID IIvs DD + ID DD+ II vs ID ID+ II vs DD
Study OR P OR P OR P OR P OR P OR P OR p
[CI] [CI] [CI] [CI] [CI] [CI] [CI]

HOée;ar o [0,53'77-1,2033] 0,082 [0,32'7?:15?097] 0,103 [0,32'7?:15?097] 0,062 [0,68'713?810] 0,632 [0,32';2?021] 0,060 [o,58§?,7352] 0,605 [0,58'57-?,5352] 0,294
Uma et al [o,7319'5-039,082] 0,259 [O,Si’72-i,7406] 0,734 [0,31'72-2,7406] 0,872 [0,3(1):392?868] 0,889 [0,3%’92-91?040] 0,764 [0,4%181-2,1228] 0,775 [0,28'2?;,1235] 0,962
Uvuz et al [o,3g'25:§,5031] 0,064 [0,42’7?1?644] 0,625 [0,73'93-2,6136] 0,260 [0,3265-3,6931] 0,026 [0,4?67-1,7471] 0,438 [o,5gé?g1),7845] 0,922 [o,zgi???sm] 0,311
Valdez et al [0,53'67-??029] 0,076 [0,3255631?292] 0,238 [0,32'56-1?292] 0,045 [0,7%"9‘3,6578] 0,240 [0,35176-2?166] 0,108 [0,68,7?’51),7636] 0,989 [0,3225?‘11,3129] 0,124
Our study [0,6%23?,2201] 0,142 [o,siéz-g,ssw] 0,645 [0,51'62-2,5659] 0,459 [0,43,18-1,8637] 0,682 [o,sééz-g?ssO] 0,534 [0,58@)?1,7705] 0,934 [o,séil-giss] 0,556
Pooled [0,63232,9201] 0,472 [0,5%7-91),1081] 0,142 [0,5318-??308] 0,429 [0,7113(3?,1482] 0,868 [0,08,663?,6672] 0,068 [0,6869-‘11,5294] 0,722 [0,62’393,1298] 0,638
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Our findings did not reveal any statistically significant differences between
the PTB group and the control group in any of the models when examining
the Caucasian population. Furthermore, the p-values obtained did not meet
the criteria necessary for rejecting the null hypothesis, indicating that there

is insufficient evidence to suggest a difference between these groups.
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5. DISCUSSION

Research on the association between the I/D polymorphism of the ACE gene
and PTB brings interesting insights, especially considering the inconsistent
findings in the literature so far. Despite extensive research, the precise
genetic causes contributing to PTB remain unclear, highlighting the

complexity of this condition.

Our results from the case-control study suggest that the ACE I/D
polymorphism does not have a significant impact on the risk of PTB within
the Croatian population. Statistical analysis showed that the p-value
obtained was notably higher than the limit for significance (p < 0.05) for
both genotypes and alleles. This indicates a lack of evidence to support a
meaningful association between the ACE I/D polymorphism and PTB in this
population. Furthermore, the odds ratio calculated in our analysis was not
statistically significant, reinforcing the conclusion that the presence of this

polymorphism does not correlate with the risk of PTB in the studied cohort.

Previous studies conducted on the ACE I/D polymorphism in the Croatian
population have various results. One study reported an association between
the deletion homozygote genotype (DD genotype) of the ACE gene and
hypertension within the Croatian population (65). Conversely, another
study examining the Croatian population found a significantly higher
prevalence of D allele carriers among the elderly compared to the general
population, suggesting that the ACE D allele may contribute to better health
and longevity (66). These findings indicate a complex relationship between
the ACE I/D polymorphism and various health conditions within the Croatian

population.

Furthermore, our results indicate no statistically significant difference in the
distribution of genotypes and alleles between the control and PTB groups.
These findings differ from those of Uma et al (2008), who reported an

association between the DD genotype and an increased risk of PTB.
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However, it is important to note that their conclusions may have been
affected by limitations in their study design, particularly the small sample
size, with only 18 participants in the case group (60). Similarly, our findings
are not aligned with those of Valdez et al (2004), who identified a
connection between the D allele and a heightened risk of PROM (59). Uvuz
et al (2009) also suggested that women carrying the D allele may be
predisposed to PTB, although they did not find a statistically significant
association (61). On the other hand, Noo Ri Lee et al. found that the ID
genotype may have a protective effect, further highlighting the variability

in study outcomes (62).

The observed frequencies of both genotypes and alleles in our study groups
closely align with the expected frequencies for a population of this size, as
predicted by Hardy-Weinberg equilibrium. This consistency confirms that
the genetic composition of our control group accurately reflects the general
population, ensuring the reliability of our comparisons. The fact that our
control group follows Hardy-Weinberg equilibrium strengthens the validity
of our findings, as it suggests that there is no selection bias within our

sample, allowing for more generalizable conclusions.

This, together with previously stated lack of statistically significant
difference in the distribution of genotypes and alleles between the control
and PTB groups, supports the conclusion that the PTB group does not show
abnormal or unusual patterns in the distribution of genotypes and alleles

compared to the control group or the general population.

Using different genetic models: the allelic model (I vs. D), the dominant
model (DD + ID vs. II), the recessive model (DD vs. ID + II), and the
overdominant model (II + DD vs. ID), we found no statistically significant
associations. Specifically, the odds ratios (OR) for the allelic model, the
dominant model, the recessive model, and the overdominant model suggest
lack of significant differences between the PTB group and the control group.

The p-values obtained from these analyzes were above the conventional
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significance criteria, further supporting our conclusion that ACE
polymorphisms do not play a key role in PTB risk. In a similar analysis,
case-control study by Hocevar et al (2018) reported borderline statistical
significance in the dominant model in Slovenian population, indicating a
potential weak association between the II genotype and a reduced risk of
PTB. They found that all other genetic models analyzed did not demonstrate
statistical significance (63). Furthermore, a case-control study by Noo Ri
Lee et al (2019) identified statistical significance in the overdominant model
in Korean women, suggesting that individuals carrying the ID genotype may
experience a protective effect against PTB. Notably, Noo Ri Lee et al (2019)
did not find significant associations in other genetic models, highlighting the
complexity and variability of the relationships between ACE 1I/D

polymorphisms and PTB risk across different populations (62).

Given the inconsistency of previous results regarding the association
between the ACE I/D polymorphism and PTB, we decided to conduct a meta-
analysis to clarify this relationship. There are two existing meta-analysis
with conflicting findings. Hocevar et al (2018), identified a positive
association between the D allele and increased PTB risk is Slovenian
population while Noo Ri Lee et al (2019) reported a protective effect
associated with the ID genotype in Korean population (62,63). Given the
observed differences in genetic associations between populations, we also
wanted to perform a statistical analysis that excluded the Asian population.
The goal of this approach was to explore whether a more consistent pattern

would emerge specifically within the Caucasian population.

In our own meta-analysis, which combined findings from six studies,
including our case-control study, we observed borderline significance in one
genotypic model, suggesting that individuals with the II genotype might
have a reduced risk of PTB compared to those with the DD genotype.
Although this observation hints at a possible protective effect of the II
genotype, the overall evidence remains inconclusive. This finding aligns

with meta-analysis performed by Hocevar et al (2018) who also found that
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individuals carrying the D allele or the DD genotype are at an elevated risk
for PTB (63). Additionally, studies by Valdez et al (2004) and Uma et al
(2008) also support the theory that D allele and DD genotype are associated
with an increased risk of PTB (59,60). In study by Rahimi et al (2013),
homozygous deletion genotype (DD) has been identified as a risk factor for
abnormal placentation (67). Fazelnia et al (2016) proposed that the DD
genotype of the ACE gene is significantly associated with spontaneous
recurrent pregnancy loss (68). Similarly, Yang et al (2012) demonstrated
that the presence of the D allele in the ACE gene I/D polymorphism

increases the risk of spontaneous recurrent pregnancy loss (69).

Furthermore, our analysis, which excluded data from the Asian population,
revealed consistent results within the Caucasian population, highlighting the

reliability of our findings across different demographic groups.

Collectively, these findings suggest a pattern where the I allele may have a
protective effect, while the D allele is more frequently associated with
adverse preghancy outcomes, such as PTB, abnormal placentation, and
recurrent pregnancy loss. The consistent association between the D allele
and these complications indicates that genetic factors, particularly those
related to the ACE gene, may play a significant role in determining
pregnancy outcomes. However, while the association is compelling, it is
important to note that these findings also highlight the complexity of the
genetic influence on pregnancy, as evidenced by the inconclusiveness of
certain models and the variability in risk across different populations and

studies.

In addition, functional studies investigating the biological mechanisms
through which ACE polymorphisms may influence pregnancy outcomes are
needed. The RAS plays a crucial role in regulating uteroplacental circulation
and placental vascularization, and its disruption has been linked to impaired
placentation. One potential mechanism through which the ACE I/D
polymorphism may influence the risk of preterm birth (PTB) involves

insufficient blood flow in the placenta (70,71). The ACE DD genotype, in
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particular, has been suggested to affect uteroplacental and umbilical
circulation, potentially increasing the risk of adverse pregnancy outcomes,
especially in women with a history of preeclampsia. Uteroplacental ischemia
is a known risk factor for spontaneous PTB, accounting for roughly 15% of
cases, and studies have shown that failure in the transformation of spiral
arteries is common in patients with preterm labor. Understanding the role
of ACE in placental circulation and angiogenesis could provide valuable

insights into its potential impact on PTB (70-72).

Limitations of our case-control study and our meta-analysis should also be
taken into account. In the case-control study, we must consider the size of
the sample. Our case- study included a relatively small number of
participants, which may affect the power of the analysis and the possibility
of detecting statistically significant associations. Smaller samples can lead
to false negative results, where real associations remain undetected.
Likewise, there is a possibility of bias in the selection of participants,
considering that only patients from certain health institutions are included.

This may limit the generalizability of the results to the wider population.

One limitation of our meta-analysis is the variability between the included
studies. The use of different methodological approaches across studies can
contribute to differences in the results and introduce heterogeneity.
Different populations, definitions of PTB and methods of analysis may make
it difficult to draw definitive conclusions. The quality of individual studies
included in a meta-analysis may vary. Low quality studies can distort the
overall results and reduce the reliability of the meta-analysis. Also, it may
be difficult to compare the results if different statistical approaches and
models were used in the studies. Furthermore, there is a possibility that
studies with positive results are more likely to be published, which may lead

to bias in the available data and affect the conclusions of the meta-analysis.

Another significant limitation is that external factors such as age,

comorbidities, socioeconomic status, smoking, alcohol consumption, and
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others, were not considered in our analysis, similar to the two existing
meta-analyses on this topic (62,63). While we analyzed the statistical
significance of some external factors in Croatian study population (BMI, age,
smoking during pregnancy), we didn’t conduct an overall analysis that
considers these factors in pooled populations together with the presence of
specific alleles or genotypes. We didn’t investigate how the interactions
between these external factors and genetic variables (specific allele or
genotype) might influence the results. This could imply that we might be
missing the combined effect of these factors on the outcomes, which could
be important in the context of gene-environment interactions. Integrating
genetic, environmental, and social factors may provide a comprehensive
framework for understanding PTB and enable the development of strategies
aimed at reducing risk and improving the health of pregnant women and

newborns.

Further research is essential for several key reasons. First, the inconsistency
in existing findings on the relationship between the ACE I/D polymorphism
and PTB highlights the complexity of genetic factors in pregnancy outcomes.
While some studies suggest that the D allele or DD genotype may increase
the risk of PTB, others point to a protective role of the ID genotype
(59,60,62). These conflicting results, seen even across meta-analyses,
suggest that the genetic influence on PTB is not straightforward and likely
involves interactions with other genetic or environmental factors. Without
more comprehensive research, it is difficult to draw definitive conclusions
or create effective strategies for predicting or preventing PTB based on

genetic data alone.

Second, many previous studies did not fully account for external factors
that can influence pregnancy outcomes, such as age, comorbidities,
socioeconomic status, and lifestyle choices like smoking and alcohol
consumption. These factors could interact with genetic predispositions in
ways that either increase or decrease the risk of PTB. For instance, the

effect of the ACE I/D polymorphism might vary depending on the overall
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health or lifestyle of the mother, or other underlying genetic conditions that
were not assessed (73). To better understand how these interactions
contribute to PTB risk, future research should adopt a more holistic

approach, integrating both genetic and environmental variables.

Furthermore, investigating the biological mechanisms underlying the
relationship between the ACE I/D polymorphism and pregnancy outcomes
is critical. Disruptions in RAS system could lead to conditions such as
preeclampsia or placental insufficiency, both of which are risk factors for
PTB. Understanding how specific genotypes affect RAS function could help
explain why some individuals are more susceptible to PTB (70). This
knowledge would not only clarify genetic associations but also gave the way

for potential therapeutic interventions targeting the RAS to reduce PTB risk.

Lastly, the impact of PTB on neonatal and long-term health outcomes
underscores the importance of identifying risk factors and preventative
strategies. PTB is associated with higher rates of infant morbidity and
mortality, as well as developmental delays and chronic health conditions
later in life (4,5). Understanding the genetic and environmental contributors
to PTB could lead to more personalized approaches to prenatal care,
enabling healthcare providers to identify women at higher risk and tailor
interventions to improve maternal and infant health outcomes. In the long
term, this could help reduce the overall incidence of PTB and its associated

complications, ultimately improving public health outcomes.

In summary, further research is vital not only to resolve the current
inconsistencies in the literature but also to develop a more comprehensive
understanding of how genetic and environmental factors combine to
influence PTB risk. This integrated approach has the potential to lead to
more effective preventive strategies and better health outcomes for

mothers and their babies.
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6.

CONCLUSION

Our study did not find a statistically significant association between the ACE

I/D polymorphism and the risk of PTB, neither in the case-control study

conducted on the Croatian population nor in the meta-analysis that

combined data from all previously conducted studies.

Based on our specific research objectives, the following conclusions can be

drawn:

This

There were no statistically significant differences in the frequencies of
the ACE I/D polymorphism genotypes and alleles between the PTB
group and the healthy control group (p > 0.05) in the Croatian
population.

No statistically significant associations were found between different
genotypes and alleles of the ACE I/D polymorphism and PTB when
assessed across various genetic models (p > 0.05) in the Croatian
population.

Findings from our meta-analysis indicate a borderline significance in
the genotypic model, suggesting that individuals with the II genotype
might have a reduced risk of PTB.

However, the overall evidence remains inconclusive, as previous
studies showed varying results regarding the association between
ACE I/D polymorphisms and PTB risk.

research contributes to the understanding of the genetic factors

influencing preterm birth, particularly within the Caucasian population, by

providing evidence that the ACE I/D polymorphism may not significantly

affect PTB risk. The findings highlight the importance of further genetic and

environmental research, which could ultimately inform clinical practices and

public health strategies aimed at reducing the incidence of preterm births.
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