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INTRODUCTION   
Preeclampsia (PE) is defined as a 

specific syndrome in pregnancy signed by 
hypertension in pregnancy older than 20 
weeks with at least one of the following signs: 
proteinuria, increased creatinine, the sign of 
maternal organ dysfunction and the sign of 

uteroplacental dysfunction1,2,3. The PE is 
leading cause of maternal and neonatal 
mortality and morbidity worldwide. This 
condition affected 2-8% of pregnancy4,5. The 
aetiology of PE remains not yet identified 
clearly, genetics contributed 20-40% of PE6. 
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ABSTRACT  
Background: The PE is leading cause of maternal and neonatal mortality and 
morbidity worldwide. While its etiology remains unclear, genetic factors contribute 20–
40% to PE risk. The rs4343 variant of the ACE gene has been reported as a potential 
risk factor for PE, with varying effect sizes across studies. However, its association with 
PE in the Indonesian population, particularly among Jambi Malays, remains unstudied. 
This study investigates the association of ACE gene rs4343 variation with PE risk in 
Jambi Malays. 
Methods: A case-control study included 78 pregnant women matched by age and 
parity. PE was diagnosed based on American College of Obstetricians and 
Gynecologists criteria. Genotyping was performed using tetra ARMS-PCR, and 
bivariate statistical analysis was applied.  
Results: While the distribution of the AA and AG genotypes showed slight differences 
between groups, all GG genotypes were associated with PE. A recessive model 
revealed a higher, but statistically insignificant, PE risk for GG/AG genotypes compared 
to AA (p=0.784, OR=1.16, 95%CI=0.40–3.41). The G allele also showed a non-
significant association with increased PE risk (p=0.338, OR=1.59, 95%CI=0.62–4.14).  
Conclusion: The ACE gene rs4343 variant showed no statistically significant 
association with PE in this Jambi Malay population, yet all GG genotypes were 
observed in PE cases. This suggests a potential role warranting further research with 
larger, multi-ethnic cohorts to clarify genetic influences on PE risk and inform early 
screening strategies 
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One of the theories of PE reported PE 
started with the failure of spiral artery 
remodeling which caused a decrease in utero 
placenta blood flow and increased blood 
vessel resistance. This triggers inflammation 
in the endothelial including in maternal 
circulation which causes maternal 
hypertension and may lead to maternal organ 
damage7,8. Renin Angiotensin System (RAAS) 
is one system which plays a role in the 
regulation of blood pressure in pregnancy. 
Previous studies reported dysregulation of this 
system contributed to PE8. 

Angiotensin Converting Enzyme 
(ACE) is one of the enzymes which have a 
crucial role in RAAS, this enzyme converts 
inactive angiotensin I into active angiotensin II. 
ACE proteins are encoded by the ACE gene, 
the ACE gene is a gene with numerous 
genetic variants. Genetic variations in the ACE 
gene have played a role in the level, stability 
and activity of the translated proteins9. The 
rs4343 is a genetic variant located in 
Chromosome 17 and a synonymous mutation 
which has the strongest association with ACE 
level. Individuals with the G allele of rs4343 
had a higher level and activity of ACE protein 
than individuals with the A allele10,11. 
Furthermore, genotype-phenotype 
association studies showed that the variation 
of the rs4343 gene was significant as a risk 
factor for PE and the severity of PE with effect 
sizes varying between studies12,13. These 
variations may be due to population 
differences.  

Genetic risk assessment for PE was 
beneficial for the early detection of 
susceptibility of pregnant women to suffer PE. 
Genetics is an unmodified factor, but 
screening performed before and at the early 
stage of pregnancy can help for better 
pregnancy planning, and increase awareness 
during prenatal care and delivery14,15. This 
may have an impact on reducing maternal and 
neonatal mortality and morbidity due to PE. To 
the best of our knowledge, the association of 
rs4343 in the ACE gene for PE risk has not 
been reported to the population of Indonesia, 
especially the Jambi Malays. 

METHOD  
Study Design And Subject Recruitment 

This recent study was a case-control, 
as many as 78 pregnant women who reside in 
Jambi Province and are listed as Jambi-Malay 
ethnicity participated in this study. The case 
group was pregnant women who suffered from 
PE and the control group was normotensive 
women. Between case and control match 
carefully based on maternal age and number 
of pregnancies. All the subjects gave birth in 
Raden Mattaher General Hospital, Jambi, 
Indonesia in periods March 2020 to December 
2022. The racial background was determined 
based on interviews, subjects listed as Jambi 
Malay population if they had grandparents 
from both parents listed as Jambi-Malay. The 
exclusion criteria for both groups were multiple 
pregnancy, and pregnancy with in vitro 
fertilization. 

The PE criteria of diagnosis are based 
on the American College of Obstetricians and 
Gynecologists (ACOG), 202016. The 
measurement of each variable diagnosed for 
PE methods is based on our previous paper17. 
The ethical permission was approved by the 
Ethics Committee for Health Research of the 
Faculty of Medicine and Health Sciences 
Universitas Jambi, Jambi, Indonesia (ethical 
approval number 
1892/UN21.8/PT.01.04/2024) 
 
Genotyping 

Venous blood buffy-coat was used for 
DNA extraction using solid-phase with 
proteinase K DNA extraction kit (FavorPrep 
from Fevorgene, Ping-tung, Taiwan). The 
Quality of DNA extracted is measured by 
staining DNA and then running unmodified 
using agarose gel. The DNA appear as a 
continuous band above 100 bp then used for 
genotyping with one-step tetra amplification 
refractory mutation system (ARMS) PCR. The 
methods of ARMS PCR used are based on 
protocol specific for rs434317. 
 
Data Analysis 

The continuous data scale was not 
normally distributed, the analysis used non-
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parametric test (Mann-Whitney) and the data 
was presented as median (min-max). The 
categories data analysis used Pearson Chi-
square and Fisher test based on expected 
value calculation.  
 
 
 
 

RESULT AND DISCUSSION  
This study was case-control with 

carefully matching age groups for pre-
eclampsia risk and the number of 
pregnancies. As many as 78 pregnant women 
who fulfilled study criteria, participated in this 
study. Baseline subject characteristics are 
shown in Table 1. 

Table 1. Baseline Subjects' Characteristic and Neonatal Outcome 
 

Characteristic Pre-eclampsia (n = 39) Normotensive (n = 39) P-value 
Age (years old) 29 (19-41) 29 (19-42) 0.802a 

< 20 years old (n, (%)) 3 (7.7) 3 (7.7)  
20-35 years old (n, (%)) 26 (66.7) 26 (66.7) 1.000b 
> 35 years old (n, (%)) 10 (25.6) 10 (25.6)  

Systolic blood pressure 
(mmHg) 170.0 (140.0-210.0) 110.0 (100.0-130.0) <0.001a 

Diastolic blood pressure 
(mmHg) 100.0 (80.0-150.0) 70.0 (60.0-80.0) <0.001a 

Severity of pre-eclampsia    
Mild 6 (15.4)   
Severe 33 (84.6)   

Number of Pregnancy     
First pregnancy (n, (%)) 15 (38.5) 15 (38.5) 1.000 b Later pregnancy (n, (%)) 24 (61.5) 24 (61.5) 

Gestational age at birth     
Premature (n, (%)) 17 (43.6) 14 (35.9) 0.003 b Mature (n, (%)) 22 (56.4) 25 (64.1) 

Fetal weight (gr) 2600 (1050-3800) 3030 (1400-3980) 0.037a 
APGAR score    

Asphyxia (n, (%)) 10 (34.5) 0 (0) 0.001 Normal (n, (%)) 19 (65.5) 28 (100) 
a Non-parametric test for mean difference; b Pearson Chi-square; c Fisher Exact test 

 
Based on age categories for PE risk 

this study match carefully subjects who are 
younger than 20 years old, aged between 20-
35 years old and older than 35 years old. The 
most frequent subjects are between 20-35 
years old. The PE patients have higher 
systolic and diastolic blood pressure than the 
control (normotensive pregnancy women). 
The frequency of subjects who have severe 
PE was higher than mild PE. The frequency 

of subjects who were in their first pregnancy 
was higher than in later pregnancy and the 
number between PE and the control group 
was same. (Table 1).The PE group have 
worse neonatal outcomes than normotensive 
pregnancy. The PE group have a higher 
frequency of premature birth, lower baby 
weight, and higher asphyxia babies than 
control. This difference is statistically 
significant. (Table 1). 

 
Table 2. Genotype distribution of rs4343 in Jambi-Malay population 

Genotype Observed value Expected value X2 (DF) P-value MAF 
AA 61 59    
AG 14 17 3.03 0.08 0.13 
GG 3 2    

Chi-square with degree of freedom (DF)=1; MAF: minor allele frequency 
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The wild-type genotype for rs4343 in 
this study population was AA genotype. The 
minor allele was G, and the frequency of the 
minor allele was 0.13 (Table 2).  The Hardy 
Weinberg equation calculation does not 
deviate from Hardy Weinberg equilibrium. 
The bivariate analysis between genotype and 
PE is shown in Table 3. In the additive model 
of genotype for PE, between AA and AG 

genotypes the frequency was slightly 
different but all subjects who had the GG 
genotype were suffering from PE. In the 
recessive (GG/AG vs AA) and in the 
dominant model (GG vs AA/AG) the 
frequency was slightly different. Allele 
analysis shows G allele has a higher risk for 
PE than the A allele. All the difference was 
not statistically significant. 

 
Table 3. Bivariate Analysis between genetic variation of ACE rs4343 and pre-eclampsia 

Genotype rs4343 PE N (%) Control N (%) OR (95% CI) p-value 
Genotype     
AA 30 (49.2) 31 (50.8) Ref Ref 
AG 6 (42.8) 8 (57.2) 0.78 (0.24-2.50) 0.669a 
GG 3 (100) 0 (0) 7.23 (0.36-145.90) 0.197b 
Recessive/dominant     
GG/AG vs AA   1.16 (0.40-3.41) 0.784a 
GG vs AA/AG   0.92 (0.84-1.01) 0.120b 
Allele     
A 66 70 Ref Ref 
G 12 8 1.59 (0.62-4.14) 0.338a 

aChi-square; bFisher exact test 

 
DISCUSSION 

The main finding in this recent study 
was that rs4343, a genetic variation of the 
ACE gene has a lack of association with PE 
in Jambi. But all the subjects with the GG 
genotype suffered from PE. In contrast with 
this recent study, previous studies reported 
this genetic variant rs4343 has an 
association with PE and severity of PE. 
Studies in Egypt and Iranian reported the GG 
genotype and G allele increase the risk of PE. 
In the genotype model, the effect size ranges 
between 2.21-10.31 and in the allele model 
effect size ranges from 1.9 to 3.4712,13. The 
variability in findings across different studies, 
such as the lack of significant association in 
some populations or otherwise, underscores 
the influence of ethnic, and geographical 
factors and the interaction of genetics with 
environmental on genetic predispositions for 
diseases18,19. 

A functional study of rs4343 reported 
that rs4343 has the strongest association 
with ACE activity among several SNP. 
Subjects who had AG and GG had higher 
ACE levels and activity than those who had 
A allele11. The ACE is the main component of 

the RAAS system which is well known to 
regulate blood pressure by converting AGT I 
to AGT II which plays the role of potent 
vasoconstrictor. In normal pregnancy, the 
sensitivity of AGT II is decreased despite the 
upregulation of the RAAS component. This 
causes a slight reduction in blood pressure, 
maintains normal vascular tone and supports 
optimal uteroplacental function. However, in 
PE there is dysregulation of AGT 
biosynthesis and signalling, leading to 
increased sensitivity to AGT II and disrupting 
the vasodilatory pathway leading to elevated 
blood pressure and endothelial 
dysfunction20,21. 

The minor allele of this study was the 
G allele, based on NCBI databased this 
finding was similar to other populations, but 
the minor alleles were less frequent in this 
recent study22. The HWE of this study was 
not a departure from the HWE equation. 
Instead of the genetic population assumption 
of HWE (random mating, the absence of 
natural selection, no gene flow and 
autosomal locus), HWE which is no 
departure from the equation may reflect the 
small bias for genotyping methods23,24. 
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This recent study was performed with 
one-step tetra-ARMS PCR. Four specific 
primers were designed to yield product due 
to the specific allele of rs4343. The primer in 
silicon analysis was performed based on the 
NCBI database for estimation of the 
annealing accuracy of primer to area 
polymorphism17. The thermocycling setting 
and PCR mixture were optimized to yield 
high-resolution visualization by 
electrophoresis, this has been published in 
our previous study. This technique was 
simple, easier, faster, and relatively cost-
effective but still reliable than high-resolution 
melting (HRM)-PCR or polymerase chain 
reaction–restriction fragment length 
polymorphism (PCR-RFLP) in resources 
without a sequencing machine25,26 

Age and number of pregnancies is an 
unmodifiable risk factor for preeclampsia. 
Previous studies reported maternal age 
younger than 20 years old or older than 35 
years old increased the risk of PE, and so 
does the first pregnancy. According to this, 
this study matches carefully based on age 
group and number of pregnancies to 
minimize the effect of the two unmodifiable 
risk factors influencing the association of 
rs4343 and preeclampsia. Due to disruption 
of placentation and uteroplacental blood flow, 
PE caused worse neonatal outcomes. Similar 
finding with this recent study the frequency of 
premature baby birth and asphyxia in PE was 
higher than control group. The baby's weight 
was lower in the PE group than in the control 
group27-33. 

The limitation of the study was the 
small sample size although it met the minimal 
sample size and performed in a single centre. 
Further studies with larger sample sizes, 
multiethnic, multi centre and comprehensive 

risk factor PE were needed to strengthen 
evidence of the role of genetics in PE and 
which genetics are robust as risk factors for 
PE. Genetics was an unmodifiable risk factor 
but this risk did not change over time, 
knowing it promises earlier screening for 
disease prevention, early treatment and 
minimize complications related to diseases. 
 
CONCLUSION 

The Genetic Variation of ACE gene 
rs4343 lacks a statistically significant 
association with PE in the Jambi Malay 
population. However, the observation that all 
individuals with the GG genotype presented 
with PE suggests a potential clinical 
relevance that warrants further investigation. 
This highlights the complex interplay of 
genetic factors in pre-eclampsia 
susceptibility and underscores the 
importance of continued research with larger 
sample sizes and diverse populations to 
better understand genetic predispositions for 
PE, ultimately contributing to earlier 
screening and improved pregnancy 
outcomes. 
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