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	 This study aimed to investigate the prevalence of ACE I/D and PAI-1 4G/5G 
polymorphisms in Sudanese women experiencing recurrent pregnancy loss (RPL), and to 
explore their possible relationship with this condition. A retrospective study was carried out 
at Omdurman Maternity Hospital in Sudan. The study involved 125 participants: 64 RPL cases 
(defined as women with a history of at least three unexplained spontaneous abortions) and 61 
healthy controls with normal success pregnancies and. A 5 mL EDTA blood sample was taken 
from each participant, and demographic, personal, and family medical information was collected 
using a questionnaire. Genomic DNA was extracted from blood leukocytes utilizing the GF-1 
Blood DNA Extraction Kit. The polymorphisms of the PAI-1 4G/5G and ACE I/D genes were 
examined through polymerase chain reaction (PCR). Data analysis was conducted employing 
SPSS version 24. The ACE I/D polymorphism was found to have a notable association with 
recurrent pregnancy loss (RPL), with the I/D and D/D genotypes linked to an increased risk (odds 
ratio 1.29). Although the 4G allele and the 4G/4G genotype showed statistical significance, they 
were more prevalent in the control group (2.8% and 45.9%, respectively) compared to the cases 
(6.2%, p < 0.001). Homozygosity for the D allele of ACE, when combined with the PAI-1 4G/4G 
genotype, significantly raised the likelihood of RPL (p < 0.001). Despite a higher occurrence of 
the 4G/4G genotype in controls (17% versus 44.7%), these findings suggest complex interactions 
with other genetic factors. Overall, the homozygous D allele of ACE and the PAI-1 4G/4G genotype 
are more frequently observed among Sudanese women suffering from recurrent miscarriage, 
highlighting the commonality of these genetic variations within this population.
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	 Recurrent pregnancy loss (RPL), 
previously characterized as three or more 
consecutive pregnancy losses, is now defined 
by two or more pregnancy losses.1 Clinically 
recognized pregnancy loss, indicating spontaneous 
termination before the 20th week of gestation, 
affects approximately 1-5% of women during 
their childbearing years .RPL is a multifaceted 
condition with a poorly understood underlying 
cause.2 Numerous factors, including chromosomal 
abnormalities, anatomical issues, endocrine 
imbalances, immunological factors, and infections, 
are believed to contribute to RPL.3, 4, 5 The 
renin-angiotensin system (ReAnS) is a crucial 
hormonal system essential for regulating blood 
pressure and fluid balance within the body.5 6, 

7, 8 Angiotensin-converting enzymes (ACE) 
subsequently transforms angiotensin I into 
angiotensin II, a potent vasoconstrictor that 
narrows blood vessels and elevates blood pressure. 
Angiotensin II also stimulates aldosterone release, 
promoting sodium and water retention by the 
kidneys and consequently increasing blood volume 
and pressure .9 Endocrine secretions originating 
from the decidua, placenta, and ovary influence 
ReAnS throughout gestation. Specifically, the rise 
in AGT levels, triggered by estrogen during the 
first trimester, correlates directly with increased 
angiotensin II production.10 The uteroplacental 
unit expresses ReAnS components, emphasizing 
its local importance .11, 12 The uteroplacental ReAnS 
plays a vital role in endometrial regeneration 
following shedding, decidualization, implantation, 
and placentation.13 Furthermore, local ReAnS 
participates in prostaglandin production, estradiol 
release, and regulation of blood flow to the placenta 
and uterus.14 The D allele is linked to higher plasma 
levels of Angiotensin-Converting Enzyme (ACE) 
and, consequently, increased enzyme activity. 
Unlike individuals homozygous for the I allele 
(I/I), who have the lowest ACE levels, those with 
the D/D genotype generally possess twice the 
amount of the enzyme in circulation. Heterozygous 
individuals (I/D) typically exhibit intermediate 
levels of ACE in both plasma and tissues.17,16, 18

	 This research seeks to explore the 
involvement of ACE I/D and PAI-1 4G/5G gene 
polymorphisms in Sudanese women experiencing 
RPL, with the intention of evaluating their potential 
link to the condition.

Materials and Methods

	 A retrospective study was conducted at 
Omdurman Medical Hospital in Sudan. The study 
involved 232 women, divided into two groups: 
119 women with recurrent spontaneous abortions 
forming the case group, and 113 healthy women 
with at least two successful pregnancies and no 
history of pregnancy loss serving as the control 
group. Participants in the case group were Sudanese 
women between 25 and 45 years of age who had 
experienced at least three consecutive pregnancy 
losses. The control group was age-matched and free 
from prior pregnancy loss. Women were excluded if 
they had a history of vascular thrombotic disorders, 
congenital fetal abnormalities, chromosomal 
abnormalities, uterine abnormalities, or known 
causes of abortion. Ethical approval and informed 
consent procedures were carefully followed in 
this study. The research received approval from 
the ethical committees of Omdurman Maternity 
Hospital in Sudan. Additionally, participants 
provided documented written consent by signing 
the agreement included within the questionnaire 
and Each participant provided informed consent 
after receiving detailed information about the 
study’s objectives, the confidentiality of their data, 
and the intended use of the information exclusively 
for the research purposes. All women provided 
written informed consent before participating. A 
structured questionnaire was used to collect data 
on demographics, medical history, family history, 
and obstetric history. A 5-milliliter sample was 
collected following informed consent, properly 
labeled, and stored for future laboratory analysis.
Molecular technique
DNA extraction
	 The extraction of genomic DNA was 
performed on up to 200 ìL of whole blood using a 
GF-1 Blood DNA Extraction Kit. The process began 
with the addition of blood to a microcentrifuge 
tube, followed by a lysis buffer to disrupt cell 
membranes. The mixture was homogenized via 
pulsed vortexing and incubated at an elevated 
temperature (65°C) to facilitate lysis. Proteinase 
K was added to digest proteins, and RNase A was 
included to remove RNA contamination. After 
incubation, 100% ethanol was added to precipitate 
the DNA. The solution was then applied to a 
purification column and centrifuged to bind the 
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DNA to the matrix. The column was washed with 
a series of wash buffers to remove impurities while 
retaining the DNA. Finally, the purified DNA was 
eluted from the column using a heated elution 
buffer and stored at -20°C for subsequent use in 
PCR experiments. All centrifugation steps were 
conducted at 5,000 x g for the specified durations.
Molecular analysis
Detection of plasinogene Activator -1 4G/5G 
polymorphisms
	 Polymerase Chain Reaction (PCR) was 
used to identify polymorphisms in the PAI-1 4G/5G 
gene at position -675, employing the Amplification 
Refractory Mutation System (ARMS-PCR) 
method. The reaction mixture consisted of 0.4 
pmol of each forward and reverse primer, 4 ìL of 
5X Green Mastermix, and 5 ìL of genomic DNA, 
brought to a final volume of 25 ìL.The primers 
included a common downstream primer and 
allele-specific primers for the 4G or 5G variants. 
These primers amplified the respective alleles at an 
annealing temperature of 55°C. The PCR cycling 
conditions were as follows: initial denaturation 
at 95°C for 3 minutes; 30 cycles of denaturation 
at 95°C for 20 seconds, annealing at 55°C for 10 
seconds, and extension at 72°C for 20 seconds; 
with a final extension step at 72°C for 3 minutes.
	 PCR products were separated by 2% 
agarose gel electrophoresis, producing fragments 
of 138 bp for the 4G allele and 139 bp for the 5G 
allele.
Determination of AnCoEn genotyping
	 PCR-based methods were used to 
genotype the AnCoEn I/D polymorphism, targeting 
a region previously described in reference 20. Each 
25 ìL PCR reaction contained 5 ìL of genomic 
DNA, 4 ìL of 5X Green Master Mix, and 0.4 pmol 
of both forward and reverse primers specific to the 
AnCoEn I/D region. Amplification was performed 
with a Bio-Rad Peltier thermal cycler using the 
following thermal profile: an initial denaturation 
step at 94°C for 5 minutes, followed by 35 cycles 
of denaturation (94°C for 1 minute), annealing 
(58.5°C for 90 seconds), and extension (65°C for 
4 minutes), with a final extension at 72°C for 7 
minutes. After amplification, PCR products were 
separated by electrophoresis on a 1.5% agarose 
gel containing 1xTBE buffer, run at 100 volts for 
45 minutes. Following electrophoresis, the gel 
was stained with ethidium bromide (0.5 ìg/mL) 

and visualized under UV light. Genotypes were 
determined based on band size: the presence of a 
490 bp fragment corresponded to the II genotype, 
a 190 bp fragment to the DD genotype, and both 
fragments (490 bp and 190 bp) to the ID genotype.
Genotyping of ANCoEn I/Genome D
	 The ANCoEn I/Genome D gene was 
genotyped using PCR amplification with primers 
flanking a specific region previously described in 
the literature. The PCR reaction volume was 25 ìL, 
which included 5 ìL of genomic DNA, 4 ìL of 5X 
Green Mastermix, and 0.4 pmol of each forward 
and reverse primer per sample.
	 The PCR process involved initial 
denaturation at 94°C for 5 minutes, followed by 
35 cycles of: denaturation at 94°C for 1 minute, 
annealing at 58.5°C for 90 seconds, and extension 
at 65°C for 4 minutes. A final extension step was 
performed at 72°C for 7 minutes, using a Bio-Rad 
Peltier thermal cycler.
	 PCR products were separated by 
electrophoresis at 100 volts for 45 minutes in 
1.5% agarose gel prepared in 1X TBE buffer. The 
gel was stained with 0.5 ìg of Ethidium Bromide 
and visualized under UV light.
Result interpretation
490 bp fragment indicates the II genotype
190 bp fragment indicates the DD genotype
Both 490 bp and 190 bp fragments indicate the 
ID genotype
Statistical analysis
	 Data entry and analysis were conducted 
using SPSS software (version 24.0). The prevalence 
of PAI-1 4G/5G and ANCoEn I/D polymorphisms 
among patients and controls was compared using 
the Chi-square test, with a significance level set at P 
< 0.05. Demographic data for the study population 
is presented as means in the text. The strength 
of the association between the polymorphisms 
and the outcomes was assessed using categorical 
frequencies expressed as percentages (%)

Results

	 The study groups were balanced regarding 
age, with mean ages of 31.3 ± 5.9 years for patients 
and 30.3 ± 5.4 years for controls (p = 0.285, Table 
I). Among patients, 25.2% experienced four or 
more abortions.
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Table 1. Baseline characteristic among patients with recurrent miscarriage and control groups

Characteristic		  Patient(N=119) 	 Control (N=113)	 P-value
	
Age means +SD		  31.3+5.9	 30.3+5.4	 0.285
Abortion time N (%)	 <4	 89 (74.8)	 -	 -
	 >4	 30 (25.2)	 -	 -

Table 2. AnCoEn polymorphism in miscarriage patient and control groups

AnCoEn	 Patient 	 Control 	 Total	 P-value	 Z- test	 OR 
	 N=119(%)	 N=113(%)	 N			   (95%CI)

D/D	 94(79.0)	 69(61.1)	 163	 -	 -	 1 (reference)
D/I	 18(15.1)	 33(29.2)	 51	 0.006*	 -2.75	 0.40(0.21 to 0.77)
I/I	 7(5.9)	 11(9.7)	 18	 0.135	 -1.50	 0.47(0.17 to 1.27)
Allele D	 206(86.6)	 171(75.7)	 377	 -	 -	 1 (reference)
Allele I	 32(13.4)	 55(24.3)	 87	 0.003*	 19.93	 0.48(0.29 to 0.78)

OR= odds ratio, CI=Confident Interval
*P-value<0.05 statistically significant association

Fig. 1. Gel image of AnCoEn polymorphism: lane 1 molecular weight maher1Kb plus, lane, 2, 3, 4 and 8, and 12 
were I/I (190 bp), lane 5, 6, 7, were ID genotype (190/490 bp), lanes 9 and 11 are D/D genotype (490bp) 

	 Genotyping of the AnCoEn polymorphism 
was performed using gel electrophoresis, as 
illustrated in Figure I. The lanes labeled 2, 3, 4, 
8, and 12 display the homozygous I/I genotype 
with a 190 bp band. Lanes 5, 6, and 7 contain the 
heterozygous ID genotype characterized by both 
190 bp and 490 bp bands. Lanes 9 and 11 show the 
D/D genotype with a 490 bp band.
	 PCR analysis for PAI-1 4G polymorphisms 
is shown in Figure II. The gel reveals bands at 
approximately 154 bp, indicating the presence of 
the 4G allele in lanes 2, 3, 4, 6-11, confirming the 
detection of the mutant genotype.

	 The gel images for PlAcIn-1 polymorphism 
are presented in Figure III. Lanes 1-10 display 
positive results for the 4G allele, evidenced by 
bands at the expected size, confirming the genotype 
as 4G carriers.
	 Statistical analysis revealed significant 
associations between certain genotypes and 
recurrent miscarriage.  The D/I AnCoEn 
polymorphism showed significant differences 
(p = 0.006), with an odds ratio of 0.40 (95% 
CI: 0.21–0.77) (Table II). Regarding the PAI-1 
polymorphism, allele 4G and genotypes 4G/5G 
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Fig. 2. Figure PCR amplification PAI-1 4G of polymorphisms PCR product loaded on 2% agarose gel disolved in 
1X TBE buffer, stanied with ethidium bromide, Lane 1 molecular weight marker 100 bp, lane 2, 3, 4, 6, 7, 8, 9, 

10, 11 were mutant type (154bp).

Fig. 3. Gel electrophoresis image showing PCR amplification of the PAI-1 4G polymorphism. Lanes 1-10 display 
positive results for the 4G allele, evidenced by bands at the expected size (154 bp). Lane 1 is a molecular weight 
marker (100 bp ladder). The presence of bands in lanes 1-10 confirms the genotype as carrying the 4G variant. 

Additional lanes, if applicable, can show the absence or presence of other alleles, but in this case, the focus is on 
lanes 1-10 being positive for 4G.

and 4G/4G differed significantly between patients 
and controls (Table III, p < 0.001).
	 Analysis of the effect of AnCoEn and 
PAI-1 genotypes relative to abortion history 
among miscarriage patients showed no statistically 
significant associations (Table IV). However, when 
examining the interaction between genotypes 
across both groups, women with the D/D AnCoEn 
genotype exhibited a strong association with the 
4G/4G, 4G/5G, and 5G/5G PAI-1 genotypes (Table 
V, p < 0.001).

Discussion

	 Sudanese women face numerous health 
challenges, including pregnancy complications.19 
and cancers such as breast cancer.20 which are 
significantly influenced by genetic and vascular 
factors. Recent research indicates that variations 
in genes related to blood clotting, such as ACE I/D 
and PAI-1 4G/5G polymorphisms, can increase the 
risk of recurrent pregnancy loss. 
	 The findings of this study provide 
important insights into the genetic factors 
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Table 3. Genotype and allele frequencies for miscarriage and controls

PlAcIn	 Patient 	 Control 	 Total	 P-value	 Z-test	 OR (95%CI)
	 N=119(%)	 N=113(%)

5G/5G	 7(5.9)	 38(33.6)	 45	 -	 -	 1 (reference)
4G/5G	 52(43.7)	 47(41.6)	 99	 0.000*	 3.92	 6.01(2.45 to 14.74)
4G/4G	 60(50.4)	 28(24.8)	 88	 0.000*	 5.21	 11.63(4.62 to 29.26)
Allele 5G	 66(27.7)	 123(54.4)	 189	 -	 -	 1 (reference)
Allele 4G	 172(72.3)	 103(45.6)	 275	 0.000*	 34.22	 3.11(2.12 to 4.58)

*P-value<0.001 highly statistically significant association

Table 4. Association of AnCoEn and PlAcIn Genotypes with Abortion Number in Women 
with Recurrent Pregnancy Loss

Genotypes		                             Abortion time		  P-value	 chix2

	 	 <4	 >4	
		  N=98(%)	 N=21(%)
	
AnCoEn	 D/D	 77(78.6)	 17(81.0)	 0.961	 0.079
	 D/I	 15(15.3)	 3(14.3)		
	 I/I	 6(6.1)	 1(4.8)		
PlAcIn	 4G/4G	 4(4.1)	 3(14.3)	 0.141	 3.92
	 4G/5G	 42(42.9)	 10(47.6)		
	 5G/5G	 52(53.1)	 8(38.1)		

Table 5. Association between AnCoEn and PlAcIn genotypes on recurrent miscarriage patients and 
controls

	
AnCoEn			   PlAcIn		  P-value	 Chix2

	 	 4G/4G	 4G/5G	 5G/5G		

D/D	 Patient N=94(%)	 6(6.4)	 44(46.8)	 44(46.8)	 0.000**	 19.93
	 Control N=69(%)	 21(30.4)	 32(46.4)	 16(23.2)		
D/I	 Patient N=18(%)	 0	 6(33.3)	 12(66.7)	 0.006*	 10.12
	 Control N=33(%)	 12(36.4)	 11(33.3)	 10(30.3)		
I/I	 Patient N (%)	 1(14.3)	 2(28.6)	 4(57.1)	 0.343	 3.03a

	 Control N (%)	 5(45.5)	 4(36.4)	 2(18.2)		

*P-value<0.05 statistically significant association, **P-value<0.001 highly statistically significant 
association
a: Fisher exact test

underlying recurrent pregnancy loss (RPL) in 
Sudanese women, with particular focus on ACE I/D 
and PAI-1 4G/5G polymorphisms. The significant 
association of the ACE D/D and I/D genotypes 
with increased susceptibility to RPL aligns with 
several previous studies that have reported a similar 
relationship, such as those conducted in Iran.21,22 
These studies suggest that the ACE D allele, 
particularly in homozygous form, may contribute 
to the pathophysiology of RPL, possibly through 

its role in blood pressure regulation and vascular 
function, which are critical during pregnancy.23

	 Interestingly, this study found that the 
4G allele and 4G/4G genotype of PAI-1 were 
more common in controls than in cases, and their 
association with RPL was statistically significant. 
This contrasts with the meta-analysis by Li et 
al.24 which demonstrated that the PAI-1 4G/5G 
polymorphism is generally linked to an increased 
risk of RPL across diverse populations, including 
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Asians and Caucasians. Moreover, Wolf et al.25 and 
Adler et al.26 reported similar associations where 
the 4G/4G genotype was associated with a higher 
propensity for pregnancy loss. Our findings suggest 
that in the Sudanese population, the PAI-1 4G/4G 
genotype might have a different modulatory effect 
or gene-environment interaction impacting the risk 
differently than in other ethnic groups.
	 When recurrent abortion was compared 
in the current study to D/D genotype and D allele 
of the AnCoEn gene, there was a highly significant 
correlation 59 (92.2%). Su et al.27 they conducted a 
systematic review and meta-analysis to examine the 
relationship between the AnCoEn polymorphism 
and recurrent abortions. Under the assumption of 
dominant inheritance, data from 11 eligible studies, 
including 1275 patients and 2049 controls, were 
analysed. A significant association between the 
two was found. Additionally, they demonstrated 
a strong correlation between the AnCoEn I/D 
polymorphism and recurrent pregnancy loss, as 
well as a higher risk (1.29 OR) for women with the 
I/D and D/D genotypes compared to those with the 
I/I genotype . This study also demonstrated that, 
even if the prevalence is higher in controls28(45.9) 
than in patients4(6.2) (p-value 0.000*), the 
frequency of the 4G allele and 4G/4G genotype in 
the patient group is statistically significant. This 
result is consistent with two earlier investigations 
conducted in Iran by Soltanghoraee et al., and 
Aarabi et al., .28,29 In contrast, further results 
from Bulgaria   and two research by Coulam and 
Jeyendran. 30 and Coulam et al.31 in the US do not 
demonstrate a significant relationship between 
RPL and 4G/4G genotypes.32,33  Therefore, even in 
research carried out in the same nation, there are 
discrepancies in the findings of PlAcIn-1 4G/5G 
polymorphism with recurrent abortions .
	 T h e  p r e v a l e n c e  o f  t h e  4 G / 4 G 
polymorphism is larger in controls (17.7%) than in 
patients (4.8%), but our findings demonstrate that 
homozygosity for the D allele of the AnCoEn gene 
in combination with the PlAcIn-1 4G4G genotype 
was a significant risk factor for recurrent pregnancy 
loss (p-value0.000*). This result agrees with a prior 
report in the literature.34 The size of the population 
sample can have an impact on variations in the 
frequency of PlAcIn-1 4G4G polymorphisms. 
Smaller sample sizes did not reveal significant 
differences in PlAcIn-1 4G4G frequencies, but 

larger samples of controls (n = 1956) (Goodman 
& co-workers.35 compared to recurrent aborters 
indicated a significant increase in PlAcIn-1 4G4G.

Conclusion

	 In conclusion, the frequency of the ACE 
D allele homozygosity and the PAI-1 4G/4G 
genotype is significantly higher among women 
with recurrent miscarriage, indicating that these 
genetic variations are prevalent in this population. 
The combined occurrence of these polymorphisms 
occurs at a noteworthy rate and suggests a potential 
synergistic effect in increasing the risk of recurrent 
pregnancy loss. Monitoring the frequency of these 
genotypes can be valuable for understanding 
genetic predispositions and guiding risk assessment 
in affected women.
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