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Abstract 

Gene polymorphisms can influence susceptibility, severity, and prognosis of ARDS. Genetic studies in ARDS 

have evolved from studies focused on candidate genes to studies that rely on a hypothesis-free approach to 

identify novel loci associated with ARDS risk or severity. In this review we outline the role of gene 

polymorphisms in ARDS susceptibility, severity, and prognosis. Several academic search engines were used 

in the literature search, including EMBASE/Elsevier. Science Direct, PubMed Central, Google Scholar, and 

Cochrane Review. Two subtopics were searched using Boolean Operators with keywords (ARDS OR acute 

respiratory distress syndrome) and (polymorphism) AND (ARDS) OR (genetic polymorphism) AND (ARDS) 

OR (polymorphism in ARDS). The studies retrieved discussed the impact of gene polymorphisms associated 

with ARDS including genes encoding interleukin 6 (IL-6), interleukin 10 (IL-10), vascular endothelial growth 

factor A (VEGF), angiotensin converting enzyme (ACE), interleukin 1 receptor antagonist (IL1RN), Fms 

Related Receptor Tyrosine Kinase 1 (FLT1) and Inducible Factor-1α (HIF-lα). These genes support 

significant associations and are involved in the regulation of gene expression associated with ARDS risk. 

Polymorphisms of IL-6, IL-10, VEGF, ACE, IL1RN, FLT1, HIF-lα play a role in susceptibility, severity, and 

prognosis of ARDS. 
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INTRODUCTION 

Acute respiratory distress syndrome 

(ARDS) is characterized by increased pulmonary 

vascular permeability and reduced lung tissue that 

occurs from various causes, including sepsis, 

pneumonia, trauma, and severe COVID-19 (Fan et 

al., 2018; Suarez-Pajes et al., 2023). ARDS is not a 

genetic disease, however, gene polymorphisms can 

affect the susceptibility, severity, and prognosis of 

ARDS (Liu & Li, 2014). 

Genetic polymorphism is the occurrence of 

two or more discontinuous genotypes or alleles 

simultaneously in a population. These alleles do 

not cause disease, but under certain conditions can 

affect the susceptibility, clinical manifestations, 

and response of the carrier to treatment of a 

disease (Liu & Li, 2014). 

Identifying ARDS predisposing genes has 

the potential to offer new perspectives on disease 

pathogenesis and identify additional risk factors; 

improve risk stratification models and patient care 

and determine individual disease patterns, leading 

to the development of new therapies and better 

individualized care (Hernández-Beeftink et al., 

2019). Distinguishing ARDS subphenotypes is 

critical for personalized patient management 

promising predictive and prognostic enrichment 

for future clinical trials (Zheng et al., 2022). 

This literature review will discuss the role of 

gene polymorphisms and some genes involved in 

ARDS susceptibility, severity and prognosis. 

 

METHOD  

In the literature search, several academic 

search sites were used, including 

EMBASE/Elsevier. Science Direct, PubMed 

Central, Google Scholar, and Cochrane Review. 

Two subtopics of the research question were 

searched on the five search sites using Boolean 

Operators. For references regarding the ARDS 

subtopic, they were searched using the keywords: 

(ARDS OR acute respiratory distress syndrome) 

while references regarding the gene polymorphism 

subtopic in ARDS were searched using the 

keywords: (polymorphism) AND (ARDS) OR 

(genetic polymorphism) AND (ARDS) OR 

(polymorphism in ARDS). After a number of 

references were obtained from the search results 

with the specified keywords, the references were 

then filtered first before being assessed for their 

relevance to the review to be compiled. The 

references were then collected and summarized. 

 

RESULT AND DISCUSSION 

Genetic studies in ARDS have evolved from 

studies focused on candidate genes to studies that 

rely on a hypothesis-free approach to identify 

novel loci associated with ARDS risk or severity 

(Hernández-Beeftink et al., 2019). This is due to 

several technical, statistical, and bioinformatic 

improvements over the past 15 years that have 

facilitated the use of commercial microarrays for 

efficient and inexpensive single-nucleotide 

polymorphism (SNP) genotyping and variant 

imputation to conduct genome-wide association 

studies/GWAS (Abdellaoui et al., 2023). 

A total of 81 genes were differentially 

identified in ARDS in 68 independent studies 

(Acosta-Herrera et al., 2014). Most studies 

reported that genes encoding cytokines encoding 

IL-6), interleukin 10 (IL-10), vascular endothelial 

growth factor A (VEGFA; also known as VEGF), 

angiotensin-converting enzyme (ACE), mannose-

binding lectin (protein C) 2, soluble (MBL2), 

interleukin 1 receptor antagonist (IL1RN) and 

NAMPT were significantly associated with ARDS. 

Variants in the Fms Related Receptor Tyrosine 

Kinase 1 (FLT1) gene are also involved in the 

regulation of gene expression associated with 

ARDS risk.4 In addition, polymorphisms in the 

Hypoxia Inducible Factor-1α (HIF-lα), HIF-2α and 

prolyl hydroxylase domain 2 (PHD2) genes were 

also found in ARDS patients (Dötsch et al., 2017; 

Guillen-Guio et al., 2020; Sipahioglu et al., 2024). 

Interleukin-6 (IL6) Gene Polymorphism and 

ARDS 

The IL-6 gene, located at 7p15.3, is 

responsible for regulating transcriptional activity 

during inflammatory reactions. The gene encoding 

IL-6, a cytokine involved in inflammation and B 

cell maturation, is an excellent candidate because 

cross-species comparisons of gene expression 

patterns in experimental models of ARDS have 

shown that IL6 is highly regulated. Furthermore, 

high circulating IL-6 concentrations in ARDS 

patients have been reported by some clinical 

studies (Zheng et al., 2022). 

A possible association between the −174 

G/C polymorphism (rs1800795) in the promoter 

region of the IL-6 gene and sepsis risk and 

mortality has been widely investigated. The IL-6 

−174 C allele is believed to reduce the binding 

affinity of norepinephrine-inducible transcription 

factors to the IL-6 promoter region, leading to 

decreased IL-6 expression. This reduced 

expression is considered advantageous because it 

may attenuate excessive inflammatory responses, 

which are central to the pathogenesis and severity 

of inflammatory diseases (Gragossian & Siuba, 

2022). The CC genotype is a favorable genotype in 

sepsis patients showing lower sepsis-related organ 

failure assessment (SOFA) scores, lower serum IL-

6 levels and a lower risk of 30-day mortality 

(Ranieri et al., 2012).
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Figure 1. Association Between ARDS Candidate 

Genes and Phenotypes Reported by GWAS 

(Whitney et al., 2022).
 

Notes (circles) represent genes or phenotypes and associated 

genotype–phenotype pairs are connected by curved  lines.The 

size of the node corresponds to the number of reported 

genotype–phenotype associations. 

 

Interleukin-10 (IL10) Gene Polymorphisms and 

ARDS 

Lower IL-10 levels were found in patients 

with ARDS compared to critically ill non-ARDS 

patients and high plasma IL-10 but low 

bronchoalveolar lavage IL-10 concentrations were 

correlated with increased mortality (Gong et al., 

2006). Considering IL-10 gene polymorphisms, 

patient stratification based on IL-10 genotype, and 

the presence of sepsis, it was concluded that septic 

patients with the Å1082G/G genotype had a higher 

risk of developing sepsis compared to patients with 

the Å1082A/* genotype (Accardo Palumbo et al., 

2012; Guillen-Guio et al., 2020; Meyer et al., 

2013). The IL-10 −592C/A polymorphism was 

associated with sepsis susceptibility in Caucasian 

populations while the IL-10 −1082A/G 

polymorphism was associated with sepsis 

susceptibility in Asian populations (Pan et al., 

2015). 

A functional IL10 promoter gene variant 

that results in higher circulating IL10 levels 

appears to be associated with increased 

susceptibility to sepsis-associated ARDS. The GG 

genotype of the interleukin (IL)-10 promoter 

polymorphism at position -1082 (-1082GG) has 

been associated with increased IL-10 production 

and   with the development of ARDS, but only 

when there was a significant interaction between 

the -1082GG genotype and age.
16

 These results 

differ from previous research conducted by Gong 

et al, who reported that among patients with 

ARDS, the -1082GG genotype was associated with 

decreased disease severity on admission, lower 

daily organ dysfunction scores, and lower 60-day 

mortality (Gong et al., 2006).
 

Angiotensin-converting enzyme (ACE) Gene 

Polymorphism and ARDS 

The human ACE gene, located on 

chromosome 17q23, has an RFLP, consisting of an 

insertion/deletion of a 287 bp Alu repeat in the 

16th intron of the ACE gene (Liu & Li, 2014). 

Comparison of the ACE genotypes of ARDS 

patients, patients with respiratory failure without 

ARDS, patients undergoing coronary artery bypass 

surgery and healthy individuals, showed that the 

frequency of the DD (deletion/deletion) genotype 

in ARDS patients was significantly higher than in 

the other three groups and that the mortality rate of 

ARDS patients with the DD genotype was much 

higher (Marshall et al., 2002). 

The ACE I/D (insertion/deletion)  

polymorphism was significantly associated with an 

increased risk of ARDS. Based on race, 

Caucasians with the ACE I/D polymorphism 

showed an increased risk of ARDS. However, 

Asians with this polymorphism did not show a 

significantly increased risk of ARDS. Based on 

age group, adults showed an increased risk of 

ARDS, while pediatric patients did not experience 

an increased risk of ARDS (Deng et al., 2015). 

Studies in mouse and human models have 

shown that I/D polymorphisms in the  angiotensin-

converting enzyme (ACE)  gene located on 

chromosome 17q23 play a significant role in 

ARDS. DD homozygous carriers were found to 

have the highest serum ACE activity compared to 

II homozygous and ID heterozygous carriers, who 

showed low and intermediate ACE activity, 

respectively. Because the ACE I/D polymorphism 

accounts for 20% of the variance in ACE levels 

and 50% of the variance in ACE activity, the 

impact of this single polymorphism on endpoints 

such as sepsis and ARDS is substantial. In adults, 

the DD genotype was found to be associated with 

significantly higher mortality and worse severity 

of ARDS and sepsis (Pabalan et al., 2021). In 

children, the I/D variant failed to show an 

association with paediatric acute respiratory 

distress syndrome (PARDS) status but increased 

frequency of the D allele was associated with 

PARDS severity (Cruces et al., 2012).
 

Vascular Endothelial Growth Factor A 

(VEGFA/VEGF) Gene Polymorphisms and 

ARDS 

VEGF facilitates vascular endothelial cell 

proliferation, formation of vascular support 

structures, increased vascular permeability, and 

inhibition of apoptosis in tumor cells (Yabo et al., 

2025). Alterations in these VEGF functions are 

believed to have substantial effects on the 

trajectory and prognosis of lung injury, particularly 

in response to endogenous or exogenous stimuli 

that increase or decrease VEGF levels. 

Consequently, VEGF is widely recognized for its 

important role in the pathophysiology of ARDS 

(Zhai et al., 2007). In the human lung, low VEGF 

levels are associated with ARDS severity while 

increased VEGF levels are associated with 

recovery from ARDS, suggesting a role for VEGF 

in the repair process of lung injury (Medford et al., 

2009; Zhai et al., 2007). 
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Genetic polymorphisms in the vascular 

endothelial growth factor (VEGF) gene are 

important contributors to susceptibility to ARDS. 

The most widely studied polymorphisms include 

+936C/T (rs3025039), −460C/T (rs833061), and 

+405C/G (rs2010963). The +936C/T 

polymorphism, particularly the T allele, is 

associated with reduced plasma VEGF levels, 

whereas the −460C/T and +405C/G 

polymorphisms have been shown to significantly 

increase VEGF production (Yabo et al., 2025). 

In postoperative cardiac surgery patients 

who develop ARDS, the prevalence of these 

VEGF gene polymorphisms is higher compared 

with the general population. Genotype analysis 

further demonstrates that the CT and TT genotypes 

of the +936C/T polymorphism occur more 

frequently in ARDS patients than in healthy 

individuals and are associated with higher 

APACHE III scores and increased mortality.
25

 

Additionally, ARDS patients carrying VEGF 

polymorphisms exhibit lower VEGF levels in 

bronchoalveolar lavage fluid, which correlates 

with greater severity of lung injury (Zhai et al., 

2007). 

 
Figure 2. The role of VEGF in ARDS (Yabo et al., 

2025).
 

 

Fms Related Receptor Tyrosine Kinase 1 

(FLT1) Gene Polymorphisms and ARDS 

Vascular endothelial growth factor receptor 

1 (VEGFR1) is a protein encoded by the FLT1 

gene in humans. FLT1 is a member of the VEGF 

receptor gene family. It encodes a receptor 

tyrosine kinase that is activated by VEGF-A, 

VEGF-B, and placental growth factor (Medford, 

2007; Shibuya, 2006). Soluble variants of FLT-1, 

or sFLT-1, are prominent in normal physiology 

and may exacerbate or alleviate certain 

pathologies. Many studies have used sFLT-1 

levels, either alone or in combination with VEGF 

or PIGF, as a prognostic or diagnostic marker of 

disease (Wazan et al., 2024). sFLT-1 levels 

increase with a variety of factors including severity 

of injury, shock, tissue damage, and inflammation 

in trauma and sepsis patients. The lack of 

angiogenic stimulation due to anti-VEGF sFLT-1 

inhibition results in reduced blood flow to major 

organs to reduce blood loss and inflammation 

(Ostrowski et al., 2012). 

Single nucleotide polymorphisms (SNPs) in 

VEGFR1/FLT1 and downstream mediators of the 

VEGF signaling pathway (e.g. RAF1 and NRAS) 

have been consistently associated with the risk of 

pulmonary complications, one of which is ARDS 

(Barratt et al., 2014; Guillen-Guio et al., 2020). 

FLT1 as a novel ARDS susceptibility gene and 

shows functional evidence of the FLT1 gene being 

mechanistically involved in ARDS, through its 

important role in the endothelium, with the 

pathophysiology of ARDS. Vascular endothelial 

activation occurs as a result of systemic 

inflammation, especially inflammation that occurs 

in response to infection. FLT1 encodes an Fms-

like tyrosine kinase that competitively inhibits 

VEGF. A SNP in FLT1 (rs9513106) is associated 

with decreased susceptibility to ARDS in people 

with sepsis (Whitney et al., 2022). A novel 

significant genomic association with sepsis-related 

ARDS susceptibility (rs9508032) is located in the 

Fms-related tyrosine kinase 1 (FLT1) gene. The 

region containing the sentinel variant and its best 

proxy acts as a silencer for the FLT1 promoter, 

and alleles with protective effects on ARDS 

further reduce promoter activity (p=0.0047) 

(Guillen-Guio et al., 2020). 

Hypoxia Inducible Factor-1α (HIF-lα) Gene 

Polymorphisms and ARDS 

HIF-controlled genes cause a wide range of 

biological outcomes. Responses at the cellular 

level include differentiation, migration, 

cytoprotection, apoptosis, and changes in organelle 

function such as mitochondria (Palazon et al., 

2014). Responses at the organ or organism level 

include changes in the inflammatory system, 

immune regulatory system, and energy 

metabolism.34 Overexpression of secreted 

phosphoprotein 1 (SPP1) in blood CD4+ T cells 

isolated from ARDS patients decreases the 

expression of von Hippel–Lindau (VHL), a major 

driver of HIF-1α ubiquitylation, resulting in 

increased HIF-1α protein expression and thus 

worsening ARDS (Chen et al., 2023). There is a 

progressive increase in serum HIF-1α levels, 

according to the severity of ARDS in COVID-19 

patients (Addai Ali & Naser, 2023). HIF-1α 

polymorphisms in pediatric ARDS patients 

showed that the presence of SNP rs11549467 

(G1790A) is closely associated with the extent of 

lung infiltration in ARDS patients (Yilmaz et al., 

2019). 

 
Figure 3. HIF Regulatory Pathway in 

Hypoxia/Inflammation (Lotsios et al., 2025). 
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FIH, factor inhibiting HIF; HIF, hypoxia-inducible factor; 

HREs, hypoxia response elements; PHD, prolyl hydroxylase 

domain-containing proteins; ROS, reactive oxygen species 

 

Effects of Nucleotide Polymorphisms single 

rs 11549465 seen in the HIF-1α gene in ARDS 

clinic showed that patients with polymorphic 

forms (CT/TT) had better survival compared to the 

“wild” type (CC). The HIF-lα polymorphism rate 

was 26.4% for the heterozygous CT genotype and 

2.36% for the homozygous TT genotype and was 

associated with mortality in ARDS patients. The 

30-day mortality rate was lower in the 

homozygous TT and heterozygous CT genotypes 

compared to the “wild” type CC genotype. In 

addition, mechanical ventilator support and the use 

of vasopressor drugs were also less in ARDS 

patients with variants containing the T allel 

(Sipahioglu et al., 2024). 

Interleukin 1 Receptor Antagonist Gene 

Polymorphism (IL1RN) and ARDS 

IL1RN belongs to the interleukin 1 (IL1) 

family. Its gene variants are involved in several 

degenerative conditions due to either 

overexpression or decreased expression of IL-1β. 

IL-1RN is well known for its potent immune 

modulatory properties (Dinarello, 2018). The 

inflammatory cascade during ARDS is driven by a 

complex cytokine network, and some of the 

earliest genetic studies to identify individual risk 

factors for ARDS have implicated pro-

inflammatory and anti-inflammatory mediators, 

one of which is IL1RN (Zheng et al., 2022). 

Variants in IL1RN, which encodes a protein that 

inhibits IL-1 activity, have been associated with 

decreased susceptibility to ARDS and IL1RN 

levels are higher in plasma among patients with 

severe trauma or septic shock (Hernández-Beeftink 

et al., 2019). 

 
Figure 4.  IL1RN Expression by MSCs in 
Ameliorating the Inflammatory Response (Phinney, 2009). 

Red arrows: Bleomycin-induced lung injury induces 

macrophages residing in the lung 

tissue to secrete IL-1α and TNF-α, thereby inducing a pro-

inflammatory response. 

Red crosses: Cytokines produced by activated macrophages 

recruit other immune cells into the lung tissue, which also 

secrete inflammatory cytokines and proteases that alter the 

lung cytoarchitecture and induce apoptosis or resident 

epithelial cells. 

Blue arrows: Bleomycin-induced pro-inflammatory responses 

are counterbalanced by the anti-inflammatory effects of 

IL1RN produced by transplanted MSCs. 

 

In a large-scale genetic study, genetic 

variants in the IL1RA gene (IL1RN) have been 

associated with decreased risk of ARDS in several 

critically ill populations, as well as increased 

plasma IL1RA in sepsis and trauma. These 

findings suggest that coding variants in IL1RN 

provide protection from ARDS by increasing 

plasma IL1RA (Reilly et al., 2019),(Meyer et al., 

2018). Synonymous coding SNPs in the IL1RN 

gene encode an interleukin-1 receptor antagonist 

(IL1RA) that have been associated with reduced 

risk of ARDS in trauma and sepsis populations, 

associated with reduced sepsis mortality in the 

VASST septic shock trial (Rogers & Meyer, 

2020). The SNP rs315952C of IL1RN may 

increase plasma IL1RA levels and reduce the risk 

of ARDS (Pan et al., 2015). More efficient 

generation of plasma IL1RN may be protective in 

sepsis (Balzanelli et al., 2022). In contrast, another 

study reported that individuals carrying the CT 

genotype (59 percent in ARDS patients compared 

with 53 percent in controls) and the TT genotype 

(39 percent compared with 33 percent) of he 

IL1RN C/T polymorphism showed reduced IL1RN 

gene expression and a higher susceptibility to 

ARDS, with the T allele acting as the major 

contributor to risk (95 percent CI, p < 0.05) 

(Balzanelli et al., 2022).
 

 

Table 1 Gene Polymorphisms Associated with 

Susceptibility to ARDS 

Gene 
Polymorphism / 

SNP Position 

rs Number 

(Reference 

SNP ID) 

Association with 

ARDS / 

Functional Effect 

IL-6 
−174 G/C 

(promoter region) 
rs1800795 

C allele reduces 

IL-6 transcription 

→ may decrease 

hyperinflammatio

n and reduce 

ARDS risk or 

severity. 

IL-10 −1082 A/G rs1800896 

G allele linked to 

higher IL-10 

levels; associated 

with ARDS in 

interaction with 

age or sepsis. 

 −592 C/A rs1800872 

Associated with 

sepsis 

susceptibility; 

may influence 

ARDS 

development 

depending on 

ethnicity. 

VEGFA 

(VEGF) 
+936 C/T rs3025039 

T allele lowers 

plasma VEGF 

levels; CT/TT 

genotypes linked 

to higher ARDS 

mortality and 

severity. 



301| GENE POLYMORPHISM ASSOCIATED WITH ACUTE RESPIRATORY DISTRESS SYNDROME (ARDS): A 
LITERATURE REVIEW 

 

Jurnal Ners Universitas Pahlawan                                                                          ISSN 2580-2194 (Media Online) 
 

Gene 
Polymorphism / 

SNP Position 

rs Number 

(Reference 

SNP ID) 

Association with 

ARDS / 

Functional Effect 

 −460 C/T rs833061 

T allele increases 

VEGF production; 

may enhance 

vascular 

permeability. 

 +405 C/G rs2010963 

G allele associated 

with increased 

VEGF expression. 

ACE 

Insertion/Deletio

n (I/D) in intron 

16 
rs4340 

D allele increases 

ACE activity; DD 

genotype 

associated with 

higher ARDS risk 

and mortality 

(adult). 

FLT1 

(VEGFR1) 
Intronic SNP rs9513106 

Associated with 

decreased 

susceptibility to 

sepsis-related 

ARDS. 

 Intronic SNP rs9508032 

Protective allele 

reduces FLT1 

promoter activity 

→ lowers ARDS 

risk. 

HIF-1α 
C1772T 

(Pro582Ser) 
rs1154946

5 

T allele increases 

HIF-1α stability; 

CT/TT genotypes 

associated with 

better survival in 

ARDS. 

 
G1790A 

(Ala588Thr) 
rs1154946

7 

Associated with 

lung infiltration 

severity in 

pediatric ARDS. 

IL1RN 

(IL-1 

receptor 

antagonist

) 

Synonymous 

SNP 
rs315952 

C allele increases 

IL-1RA levels and 

decreases ARDS 

susceptibility. 

 
IL1RN C/T 

variant 

(rs 

sometimes 

not 

reported) 

T allele associated 

with higher ARDS 

susceptibility due 

to lower IL-1RA 

expression. 

 

CONCLUTION 

Several genes are involved in response to 

external stimuli, cell signal transduction, cell 

proliferation, immune response, and chemotaxis. 

Genes encoding interleukin 6 (IL-6), interleukin 10 

(IL-10), vascular endothelial growth factor A 

(VEGF), angiotensin-converting enzyme (ACE), 

interleukin 1 receptor antagonist (IL1RN), Fms 

Related Receptor Tyrosine Kinase 1 (FLT1) and 

Inducible Factor-1α (HIF-lα) support significant 

association and are involved in the regulation of 

gene expression associated with ARDS risk. 

 

DAFTAR PUSTAKA  

Abdellaoui, A., Yengo, L., Verweij, K. J. H., & 

Visscher, P. M. (2023). 15 years of GWAS 

discovery: Realizing the promise. American 

Journal of Human Genetics, 110(2), 179–

194. 

https://doi.org/10.1016/j.ajhg.2022.12.011 

Accardo Palumbo, A., Forte, G. I., Pileri, D., 

Vaccarino, L., Conte, F., D‟Amelio, L., 

Palmeri, M., Triolo, A., D‟Arpa, N., Scola, 

L., Misiano, G., Milano, S., & Lio, D. 

(2012). Analysis of IL-6, IL-10 and IL-17 

genetic polymorphisms as risk factors for 

sepsis development in burned patients. Burns, 

38(2), 208–213. 

https://doi.org/10.1016/j.burns.2011.07.022 

Acosta-Herrera, M., Pino-Yanes, M., Perez-

Mendez, L., Villar, J., & Flores, C. (2014). 

Assessing the quality of studies supporting 

genetic susceptibility and outcomes of 

ARDS. Frontiers in Genetics, 5(FEB). 

https://doi.org/10.3389/fgene.2014.00020 

Addai Ali, H., & Naser, F. (2023). Assessment of 

Serum Hypoxia-Inducible Factor-1 and 

Chemerin Levels. 

Balzanelli, M. G., Distratis, P., Lazzaro, R., Pham, 

V. H., Tran, T. C., Dipalma, G., Bianco, A., 

Serlenga, E. M., Aityan, S. K., Pierangeli, V., 

Nguyen, K. C. D., Inchingolo, F., 

Tomassone, D., & Gargiulo Isacco, C. 

(2022). Analysis of Gene Single Nucleotide 

Polymorphisms in COVID-19 Disease 

Highlighting the Susceptibility and the 

Severity towards the Infection. Diagnostics, 

12(11). 

https://doi.org/10.3390/diagnostics12112824 

Barratt, S., Medford, A. R., & Millar, A. B. 

(2014). Vascular endothelial growth factor in 

acute lung injury and acute respiratory 

distress syndrome. Respiration, 87(4), 329–

342. https://doi.org/10.1159/000356034 

Chen, L., Yang, J., Zhang, M., Fu, D., Luo, H., & 

Yang, X. (2023). SPP1 exacerbates ARDS 

via elevating Th17/Treg and M1/M2 ratios 

through suppression of ubiquitination-

dependent HIF-1α degradation. Cytokine, 

164. 

https://doi.org/10.1016/j.cyto.2022.156107 

Cruces, P., Díaz, F., Puga, A., Erranz, B., Donoso, 

A., Carvajal, C., Wilhelm, J., & Repetto, G. 

M. (2012). Angiotensin-converting enzyme 

insertion/ deletion polymorphism is 

associated with severe hypoxemia in 

pediatric ARDS. Intensive Care Medicine, 

38(1), 113–119. 

https://doi.org/https://doi.org/10.1016/j.prp.2

011.01.010 

Deng, X., Zhang, S., Jin, K., Li, L., Gu, W., Liu, 

M., & Zhou, L. (2015). Angiotensin-

converting enzyme I/D polymorphism and 

acute respiratory distress syndrome. JRAAS - 

Journal of the Renin-Angiotensin-

Aldosterone System, 16(4), 780–786. 

https://doi.org/10.1177/1470320315576255 

Dinarello, C. A. (2018). Overview of the IL-1 



302| GENE POLYMORPHISM ASSOCIATED WITH ACUTE RESPIRATORY DISTRESS SYNDROME (ARDS): A 
LITERATURE REVIEW 

 

Jurnal Ners Universitas Pahlawan                                                                          ISSN 2580-2194 (Media Online) 
 

family in innate inflammation and acquired 

immunity. Immunological Reviews, 281(1), 

8–27. https://doi.org/10.1111/imr.12621 

Dötsch, A., Eisele, L., Rabeling, M., Rump, K., 

Walstein, K., Bick, A., Cox, L., Engler, A., 

Bachmann, H. S., Jöckel, K. H., Adamzik, 

M., Peters, J., & Schäfer, S. T. (2017). 

Hypoxia inducible factor-2alpha and 

prolinhydroxylase 2 polymorphisms in 

patients with acute respiratory distress 

syndrome (ARDS). International Journal of 

Molecular Sciences, 18(6). 

https://doi.org/10.3390/ijms18061266 

Fan, E., Brodie, D., & Slutsky, A. S. (2018). Acute 

respiratory distress syndrome advances in 

diagnosis and treatment. JAMA - Journal of 

the American Medical Association, 319(7), 

698–710. 

https://doi.org/10.1001/jama.2017.21907 

Gong, M. N., Thompson, B. T., Williams, P. L., 

Zhou, W., Wang, M. Z., Pothier, L., & 

Christiani, D. C. (2006). Interleukin-10 

polymorphism in position-1082 and acute 

respiratory distress syndrome. European 

Respiratory Journal, 27(4), 674–681. 

https://doi.org/10.1183/09031936.06.000464

05 

Gragossian, A., & Siuba, M. T. (2022). Acute 

Respiratory Distress Syndrome. Emergency 

Medicine Clinics of North America, 40(3), 

459–472. 

https://doi.org/10.1016/j.emc.2022.05.002 

Guillen-Guio, B., Lorenzo-Salazar, J. M., Ma, S. 

F., Hou, P. C., Hernandez-Beeftink, T., 

Corrales, A., García-Laorden, M. I., Jou, J., 

Espinosa, E., Muriel, A., Domínguez, D., 

Lorente, L., Martín, M. M., Rodríguez-

Gallego, C., Solé-Violán, J., Ambrós, A., 

Carriedo, D., Blanco, J., Añón, J. M., … 

Flores, C. (2020). Sepsis-associated acute 

respiratory distress syndrome in individuals 

of European ancestry: a genome-wide 

association study. The Lancet Respiratory 

Medicine, 8(3), 258–266. 

https://doi.org/10.1016/S2213-

2600(19)30368-6 

Hernández-Beeftink, T., Guillen-Guio, B., Villar, 

J., & Flores, C. (2019). Genomics and the 

acute respiratory distress syndrome: Current 

and future directions. International Journal 

of Molecular Sciences, 20(16). 

https://doi.org/10.3390/ijms20164004 

Liu, C., & Li, J. (2014). Role of genetic factors in 

the development of acute respiratory distress 

syndrome. Journal of Translational Internal 

Medicine, 2(3), 107–110. 

https://doi.org/10.4103/2224-4018.141831 

Lotsios, N. S., Keskinidou, C., Karagiannis, S. P., 

Papavassiliou, K. A., Papavassiliou, A. G., 

Kotanidou, A., Dimopoulou, I., Orfanos, S. 

E., & Vassiliou, A. G. (2025). Expression 

and Regulation of Hypoxia-Inducible Factor 

Signalling in Acute Lung Inflammation. 

Cells, 14(1). 

https://doi.org/10.3390/cells14010029 

Marshall, R. P., Webb, S., Bellingan, G. J., 

Montgomery, H. E., Chaudhari, B., 

McAnulty, R. J., Humphries, S. E., Hill, M. 

R., & Laurent, G. J. (2002). Angiotensin 

converting enzyme insertion/deletion 

polymorphism is associated with 

susceptibility and outcome in acute 

respiratory distress syndrome. American 

Journal of Respiratory and Critical Care 

Medicine, 166(5), 646–650. 

https://doi.org/10.1164/rccm.2108086 

Medford, A. R. L. (2007). The Role of Vascular 

Endothelial Growth Factor (VEGF) in Repair 

and Recovery from Acute Respiratory 

Distress Syndrome (ARDS). University of 

Edinburgh. MD Thesis. 

http://www.era.lib.ed.ac.uk/handle/1842/666

1 

Medford, A. R. L., Ibrahim, N. B. N., & Millar, A. 

B. (2009). Vascular endothelial growth factor 

receptor and coreceptor expression in human 

acute respiratory distress syndrome. Journal 

of Critical Care, 24(2), 236–242. 

https://doi.org/10.1016/j.jcrc.2008.04.003 

Meyer, N. J., Feng, R., Li, M., Zhao, Y., Sheu, C. 

C., Tejera, P., Gallop, R., Bellamy, S., 

Rushefski, M., Lanken, P. N., Aplenc, R., 

O‟Keefe, G. E., Wurfel, M. M., Christiani, D. 

C., & Christie, J. D. (2013). IL 1RN coding 

variant is associated with lower risk of acute 

respiratory distress syndrome and increased 

plasma IL-1 receptor antagonist. American 

Journal of Respiratory and Critical Care 

Medicine, 187(9), 950–959. 

https://doi.org/10.1164/rccm.201208-

1501OC 

Meyer, N. J., Reilly, J. P., Anderson, B. J., 

Palakshappa, J. A., Jones, T. K., Dunn, T. G., 

Shashaty, M. G. S., Feng, R., Christie, J. D., 

& Opal, S. M. (2018). Mortality Benefit of 

Recombinant Human Interleukin-1 Receptor 

Antagonist for Sepsis Varies by Initial 

Interleukin-1 Receptor Antagonist Plasma 

Concentration. Critical Care Medicine, 

46(1), 21–28. 

https://doi.org/10.1097/CCM.000000000000

2749 

Ostrowski, S. R., Sørensen, A. M., Windeløv, N. 

A., Perner, A., Welling, K. L., Wanscher, M., 

Larsen, C. F., & Johansson, P. I. (2012). 

High levels of soluble VEGF receptor 1 early 

after trauma are associated with shock, 

sympathoadrenal activation, glycocalyx 

degradation and inflammation in severely 

injured patients: a prospective study. 

Scandinavian Journal of Trauma, 

Resuscitation and Emergency Medicine, 20. 



303| GENE POLYMORPHISM ASSOCIATED WITH ACUTE RESPIRATORY DISTRESS SYNDROME (ARDS): A 
LITERATURE REVIEW 

 

Jurnal Ners Universitas Pahlawan                                                                          ISSN 2580-2194 (Media Online) 
 

https://doi.org/10.1186/1757-7241-20-27 

Pabalan, N., Tharabenjasin, P., Suntornsaratoon, 

P., Jarjanazi, H., & Muanprasat, C. (2021). 

Ethnic and age-specific acute lung 

injury/acute respiratory distress syndrome 

risk associated with angiotensin-converting 

enzyme insertion/deletion polymorphisms, 

implications for COVID-19: A meta-analysis. 

Infection, Genetics and Evolution, 88. 

https://doi.org/10.1016/j.meegid.2020.10468

2 

Palazon, A., Goldrath, A. W., Nizet, V., & 

Johnson, R. S. (2014). HIF Transcription 

Factors, Inflammation, and Immunity. 

Immunity, 41(4), 518–528. 

https://doi.org/10.1016/j.immuni.2014.09.008 

Pan, W., Zhang, A. Q., Yue, C. L., Gao, J. W., 

Zeng, L., Gu, W., & Jiang, J. X. (2015). 

Association between interleukin-10 

polymorphisms and sepsis: A meta-analysis. 

Epidemiology and Infection, 143(2), 366–

375. 

https://doi.org/10.1017/S0950268814000703 

Phinney, D. G. (2009). A Sage view of 

mesenchymal stem cells. International 

Journal of Stem Cells, 2(1), 1–10. 

https://doi.org/10.15283/ijsc.2009.2.1.1 

Ranieri, V. M., Rubenfeld, G. D., Thompson, B. 

T., Ferguson, N. D., Caldwell, E., Fan, E., 

Camporota, L., & Slutsky, A. S. (2012). 

Acute respiratory distress syndrome: The 

Berlin definition. Jama, 307(23), 2526–2533. 

https://doi.org/10.1001/jama.2012.5669 

Reilly, J. P., Calfee, C. S., & Christie, J. D. (2019). 

Acute Respiratory Distress Syndrome 

Phenotypes. Seminars in Respiratory and 

Critical Care Medicine, 40(1), 19–30. 

https://doi.org/10.1055/s-0039-1684049 

Rogers, A. J., & Meyer, N. J. (2020). Precision 

Medicine in Critical Illness: Sepsis and Acute 

Respiratory Distress Syndrome. 267–288. 

https://doi.org/10.1007/978-3-030-31507-

8_18 

Shibuya, M. (2006). Vascular endothelial growth 

factor receptor-1 (VEGFR-1/Flt-1): a dual 

regulator for angiogenesis. Angiogenesis, 

9(4), 225–230. 

https://doi.org/10.1007/s10456-006-9055-8 

Sipahioglu, H., Koyuncu, S., Akalin, H., & 

Karasu, N. (2024). HIF-1α is Associated with 

Improved Survival in ARDS due to COVID-

19: A Prospective Study. ]. 

https://doi.org/10.21203/rs.3.rs-3866016/v1 

Suarez-Pajes, E., Tosco-Herrera, E., Ramirez-

Falcon, M., Gonzalez-Barbuzano, S., 

Hernandez-Beeftink, T., Guillen-Guio, B., 

Villar, J., & Flores, C. (2023). Genetic 

Determinants of the Acute Respiratory 

Distress Syndrome. Journal of Clinical 

Medicine, 12(11). 

https://doi.org/10.3390/jcm12113713 

Wazan, L. E. I., Widhibrata, A., & Liu, G. S. 

(2024). Soluble FLT-1 in angiogenesis: 

pathophysiological roles and therapeutic 

implications. Angiogenesis, 27(4), 641–661. 

https://doi.org/10.1007/s10456-024-09942-8 

Whitney, J. E., Lee, I. H., Lee, J. W., & Kong, S. 

W. (2022). Evolution of multiple omics 

approaches to define pathophysiology of 

pediatric acute respiratory distress syndrome. 

ELife, 11. 

https://doi.org/10.7554/eLife.77405 

Yabo, W., Dongxu, L., Xiao, L., Sandeep, B., & 

Qi, A. (2025). Genetic predisposition to acute 

lung injury in cardiac surgery „The VEGF 

Factor‟: Review article and bibliometric 

analysis. Current Problems in Cardiology, 

50(1), 102927. 

https://doi.org/10.1016/j.cpcardiol.2024.1029

27 

Yilmaz, S., Kuskucu, A., Horoz, O., Suakar, O., 

Imamova, N., Gongor, G., & Yildizdas, D. 

(2019). Polymorphism of hypoxia-inducible 

factor-1 α gene in pediatric acute respiratory 

distress syndrome. Journal of Acute Disease, 

8(2), 67. https://doi.org/10.4103/2221-

6189.254429 

Zhai, R., Gong, M. N., Zhou, W., Thompson, T. 

B., Kraft, P., Su, L., & Christiani, D. C. 

(2007). Genotypes and haplotypes of the 

VEGF gene are associated with higher 

mortality and lower VEGF plasma levels in 

patients with ARDS. Thorax, 62(8), 718–

722. https://doi.org/10.1136/thx.2006.069393 

Zheng, F., Pan, Y., Yang, Y., Zeng, C., Fang, X., 

Shu, Q., & Chen, Q. (2022). Novel 

biomarkers for acute respiratory distress 

syndrome: Genetics, epigenetics and 

transcriptomics. Biomarkers in Medicine, 

16(3), 217–231. 

https://doi.org/10.2217/bmm-2021-0749 

 


