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 Abstract  

Congestive heart failure (CHF) is a structural and functional cardiac 

disorder that activates compensatory mechanisms, including 

neurohormonal responses and circulatory adjustments, which initially 

preserve perfusion but later contribute to systemic and pulmonary 

congestion. This study examined the effect of acute and chronic CHF on 

VKORC1 gene overexpression and measured serum cardiac enzymes, 

namely troponin I (cTn I), creatine kinase MB (CK MB), lactate 

dehydrogenase (L LDH), and myoglobin (MYO MB), at each disease 

phase. The study included 40 CHF patients, consisting of 20 with acute 

CHF (ACHF) characterized by severe sudden cardiac symptoms and 20 

with chronic CHF (CCHF) showing gradual progression, along with 20 

healthy participants as a negative control group. Venous blood samples 

were collected for molecular analysis using quantitative PCR and for 

serological assessment of cardiac enzymes using quantitative ELISA. 

Statistical significance was determined using GraphPad Prism at p < 

0.05. The results showed that, across all groups, the GG genotype 

frequency was significantly higher than GA and AA. However, allele 

frequency analysis of VKORC1 (-1639G>A) rs9923231 revealed 

significantly increased GA and AA frequencies in both ACHF and 

CCHF patients. Serologically, cTn I, CK MB, L LDH, and MYO MB 

levels were significantly elevated in both patient groups compared with 

controls. Between ACHF and CCHF, only CK MB was significantly 

higher in CCHF, while cTn I, L LDH, and MYO MB showed no 

significant difference. This appears to be the first Iraqi study linking 

VKORC1 with CHF phases, suggesting its potential as an indicator of 

both acute and chronic CHF, although further investigation is needed. 

Introduction 

CHF is a complex clinical syndrome characterized by inability of heart to pump a sufficient 

quantity of blood to either meet the metabolic demands of the body or doing at an elevated 

filling pressures (Boorsma et al., 2020; Franjić, 2020). The etiology of CHF encompasses a 

diverse spectrum of structural and functional precipitants in addition to a number of factors; 

however, the pathophysiology involves maladaptive cardiac remodeling and neurohormonal 

activation where the reduced cardiac output stimulates the sympathetic nervous system and the 

renin-angiotensin-aldosterone system, resulting in fluid retention, vasoconstriction, and 

increased myocardial workload (Roger, 2021; Triposkiadis et al., 2022; Geavlete et al., 2025). 

These compensatory responses, mediated by the release of noradrenaline and angiotensin II, 

initially sustain cardiac output through increased heart rate and contractility but eventually 

promote myocardial fibrosis, cellular dysfunction, and progressive ventricular dilation (Grassi 

et al., 2021; Minatoguchi, 2022; Wang et al., 2023). Myocardial injury of various etiologies 

may lead to cardiac dysfunction as evident by reduced cardiac output and ejection fraction, 
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which resulted in reduced blood flow characterizing heart failure that promotes activation of 

neurohormonal systems which leads to fluid retention, often exhibited as pulmonary 

congestion, peripheral edema, dyspnea, and fatigue (Tanai and Frantz, 2016; Khadse et al., 

2020; Abassi et al., 2022). Despite the intensive research, the exact mechanisms underlying 

edema formation in heart failure are poorly characterized, though the unique relationship 

between the heart and kidneys plays a central role in this phenomenon (Alevroudis et al., 2023; 

Kiseleva et al., 2024).  

However, myocardial injury and cellular necrosis associated with heart failure can to the release 

of cardiac biomarkers in blood, and being the gold-standard for diagnosis, prognosis and 

severity assessment (Castiglione et al., 2022). Additionally, recent advancements in 

bioinformatics and genomic analyses have provided novel insights into the complex molecular 

mechanisms underpinning hear failure progression, highlighting the potential of genetic 

variants as predictive tools (Bastos et al., 2025; Elsaka, 2025; Ferro et al., 2025). One such 

promising candidate is the VKORC1 gene that plays a crucial role in vitamin K metabolism 

and has been implicated in various cardiovascular conditions (Vesa et al., 2020; Al Zaidi et al., 

2024). Beyond its direct role in coagulation, VKORC1 gene is primarily expressed in the liver, 

with similar quantities detectable in the pancreas and heart, underscoring its broader 

physiological impact in hepatic function (Lacombe and Ferron, 2018). Furthermore, SNPs 

within noncoding regions of the VKORC1 gene such as -1639>A and 1173>T have been 

associated with significant variations in warfarin dosage requirements, suggesting the wide 

functional impact beyond basic enzymatic activity (Jia et al., 2017; Barbosa et al., 2025). These 

genetic variations impact hepatic VKORC1 mRNA abundance and warfarin sensitivity, 

indicating a broader regulatory role that could extend to other physiological processes relevant 

to cardiac health (Lacombe and Ferron, 2018; Zhao et al., 2020). Moreover, the established 

link between VKORC1 polymorphisms and differential drug response highlights its utility in 

pharmacogenomics where genetic variations dictate therapeutic efficacy and adverse event 

susceptibility in cardiovascular disease management (Rai, 2024; Shorbaji et al., 2025). Thus, 

this study aims to indicate the effect of acute and chronic CHF on overexpression of VKORC1 

gene, and estimate the levels of serum cardiac enzymes including cTn-I, CK-MB, L-LDH), and 

MYO-MB at each phase of disease. 

Methods 

Ethical approval 

This study was licensed by the Scientific Committee in the Department of Pathological 

Analyses (College of Science, University of Al-Qadisiyah).  

Samples 

This study composed a totally 40 CHF patients of different demographic factors were attended 

to the private cardiovascular clinics in Al-Dewaniyah city (Al-Qadisiyah, Iraq) during August-

December (2025). The study population was composed 20 individuals who exposed to severe 

acute onset of cardiac symptoms (ACHF) and 20 individuals who experienced a slow 

progressive chronic condition (CCHF). In addition, an overall 20 healthy participants were 

selected as a negative control (NC) group. The study population was subjected to obtaining 

10ml of venous blood from each individual using a disposable syringe, which divided as 2ml 

into an EDTA anticoagulant tube (whole blood) to be utilized for molecular examination using 

the quantitative PCR assay, as well as 8ml into free-anticoagulant glass-gel tube that 

centrifuged. The obtained sera was kept in labeled Eppendorf tubes and subjected later for 

serology. 
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Molecular examination 

Following the manufacturer instructions of Blood Protocol in the gSYNCTM DNA Extraction 

Kit (Geneaid, Taiwan), DNAs were extracted from the whole blood samples and tested by the 

Nanodrop system for evaluation of its purity and concentration. For identification of VKORC1 

(1639G>A) rs9923231 gene polymorphism, one set of specific primers as described by Al- 

Sahib et al. (2021) and the GoTaqTM G2 Green Master Mix Kit (Promega, USA) were used to 

preparing the MasterMix tubes at 25l to be subjected of PCR amplification in the Thermal 

Cycler system (Tables 1, 2). Finally, electrophoresis of Agarose-gel (1.5%) stained with 

Ethidium Bromide was done at 100V and 80Am for 90min, and the bands were photographed 

under the UV transilluminator. 

Table 1. Primers utilized for VKORC1 (1639G>A) rs9923231 gene polymorphism 

Primer Product 

size Allele Sequence (5ʹ→3ʹ) 

Mutant type (A) 
F1 CACAGACGCCAGAGGAAGAGAG 

119bp 
R1 CGTGAGCCACCGCACCT 

Wild type (G) 
F2 GAAGACCTGAAAAACAACCATTGGCCG 

208bp 
R2 CTCAGCCTCCCAAGTAGTTTGG 

Table 2. Conditions of the Thermal Cycler system for PCR amplification 

Step Temperature (°C) Time (minute) Cycle 

Initial denaturation 95 10 1 

Denaturation 95 1 

30 Annealing 61 1 

Extension 72 1 

Final extension 72 5 1 

Cardiac enzymes 

Quantitative ELISAs’ kits (SunLong Biotech, China) for cTn-I (Cat.No:SL0411Hu), CK-MB 

(Cat.No:SL0536Hu), L-LDH (Cat.No:SL1090Hu) and MYO-MB (Cat.No:SL1232Hu) were 

used in the current study. Following the manufacturer instructions, the contents of each kit in 

addition to serum samples were prepared at room temperature, processed, and the optical 

density (OD) was measured at an absorbance of 450nm. Then, the concentrations of each 

marker in serum samples were calculated through utilization of Standard Curve in the 

Microsoft Office Excel.  

Statistical analysis 

Two-Way ANOVA in the GraphPad Prism Software was applied to detect significant 

differences between study groups (healthy, treated, and non-treated) at p<0.05 (*), p<0.01 (**), 

p<0.001 (***), and p<0.0001 (****). Additionally, 95% confidence interval (95%CI), odds 

ratio (OR), relative risk (RR), and number needed to treat (NNT) were calculated by the 

MedCalc statistical software to indicate significance between alleles and genotypes frequency 

(Gharban et al., 2025). 
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Results and Discussion 

VKORC1 (1639G>A) rs9923231 gene polymorphism 

Among the individuals of NC, the findings shown a significant elevation (p<0.0106; 95%CI: 

46.52 to 113.2) in values of GG allele [70% (14/20)] when compared to GA [20% (4/20)] and 

AA [10% (2/20)] alleles. Also, frequency of GA allele was higher than AA allele (Figure 1). 

 

Figure 1. Genotyping frequency according to VKORC1 gene in NC population 

In a population of ACHF, there was a significant elevation (p<0.0444; 95%CI: 2.075 to 64.59) 

in values of GG [45% (9/20)] in comparison with those of GA [35% (7/20)] and AA [20% 

(4/20)] alleles. In addition, frequency of GA allele was higher than AA allele (Figure 2). 

 

Figure 2. Genotyping frequency according to VKORC1 gene in ACHF population 

Throughout individuals of CCHF, genotyping frequency of GG allele [55% (11/20)] was 

significantly (p<0.0204; 95%CI: 16.86 to 83.53) higher than detected in GA [30% (6/20)] and 

AA [15% (3/20)] alleles. Subsequently, frequency of GA allele was elevated significantly (p<) 

more than AA allele (Figure 3).  
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Figure 3. Genotyping frequency according to VKORC1 gene in CCHF population 

In comparison with the values of NC [70% (14/20)], the frequency of GG allele was 

significantly (p<0.0160; 95%CI: 25.41 to 87.92) lowered in both ACHF [45% (9/20)] and 

CCHF [55% (11/20)] study groups. Additionally, the findings of ACHF were markedly lower 

than those of CCHF (Figure 4).  

 

Figure 4. Frequency of GG allele according to VKORC1 gene among the groups of study population 

Significantly (p<0.0234; 95%CI: 9.360 to 47.31), the frequency of GA allele was increased in 

ACHF [35% (7/20)] and CCHF [30% (6/20)] more than the values of NC [20% (4/20)]. 

However, no significant differences (p<0.0622) were identified between the values of ACHF 

and CCHF (Figure 5). 
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Figure 5. Frequency of GA allele according to VKORC1 gene among the groups of study population 

For frequency of AA allele, significant higher values (p<0.0351; 95%CI: 2.579 to 27.42) were 

detected in patients of ACHF [20% (4/20)] but not in those of CCHF [15% (3/20)] when 

compared to those of NC group [10% (2/20)]. Also, no significant variation was seen between 

values of study patients, ACHF and CCHF (Figure 6). 

 

Figure 6. Frequency of AA allele according to VKORC1 gene among the groups of study population 

However, all discovered SNP’s genotype and allele frequencies were in agreement with the 

expected Hardy-Weinberg proportions and the risk (OR, RR) of VKORC1 (-1639G>A) 

rs9923231 gene polymorphism in patients of ACHF (1.6154, 1.2963) was increased 

significantly (p<0.0001) more than those of CCHF (1.1299, 0.8901) and NC (0.5192, 0.6795) 

group (Table 4).  

Table 4.  Association between the risk of VKORC1 (-1639G>A) rs9923231 gene 

polymorphism the groups of study population 

Study 

population 

No. of allele frequency Risk 

GG GA AA OR RR NNT 95%CI 
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NC 14 4 2 0.5192 0.6795 
12.720 

(Benefit) 

8.290 (Harm) to ∞ 

to 3.599 (Benefit) 

ACHF 9 7 4 1.6154 1.2963 
16.875 

(Harm) 

3.953 (Harm) to ∞ 

to 7.438 (Benefit) 

CCHF 11 6 3 1.1299 0.8901 
35.100 

(Benefit) 

5.747 (Harm) to ∞ 

to 4.329 (Benefit) 

p-value 0.0001 0.0001 - - 

95%CI 

0.2763 

to 

2.453 

0.1765 

to 

1.734 

- - 

Cardiac enzymes  

Concerning values of serum CTn-I, significant elevation (p<0.0001; 95%CI: 98.68 to 1189) 

was identified among the populations of both study patients, ACHF (693.75±36.77pg/ml) and 

CCHF (696.35±45.41pg/ml) when compared to healthy individuals of NC (246±16pg/ml). 

However, no significant differences (p<0.2047) were observed between the values of both 

study patients, ACHF and CCHF (Figure 7).  

On the other hand, the findings of serum CK-MB were revealed a significant elevation 

(p<0.0007; 95%CI: 1.533 to 11.67) in values of both study patients, ACHF (6.55±0.36ng/ml) 

and CCHF (6.653±0.42ng/ml), when compared to those of NC group (2±0.07ng/ml). Among 

the groups of study patients, the findings of CCHF group were significantly (p<0.0392) higher 

than recorded in ACHF group (Figure 8). 

 

Figure 7. Quantitative measurement of serum cTn-I among study population 
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Figure 8. Quantitative measurement of serum CK-MB among study population 

Relation to serum L-LDH, though the values of study patients, ACHF (941.1±50.74pg/ml) and 

CCHF (912.5±40.95pg/ml), were significantly (p<0.0036; 95%CI: 127.6 to 1425) higher than 

those of healthy individuals of NC group (475.2±52.04pg/ml), no significant differences 

(p<0.0862) were seen between the values of patient groups, ACHF and CCHF (Figure 9).  

For serum MYO-MB, there were significant increases (p<0.0289; 95%CI: 321.9 to 753.1) in 

values of both the patients’ groups, ACHF (578.15±53.22pg/ml) and CCHF 

(596.55±28.45pg/ml), when compared to those of healthy NC group (437.85±28.65pg/ml). 

However, significant variation was lacked (p<0.1742) between values of patient groups, ACHF 

and CCHF (Figure 10). 

 

Figure 9. Quantitative measurement of serum L-LDH among study population 



125 

ISSN 2721-1304 (Print), ISSN 2721-1207 (online) 

Copyright © 2026, Journal La Lifesci, Under the license CC BY-SA 4.0 

 

Figure 10. Quantitative measurement of serum MYO-MB among study population 

Since the first study of VKORC1 gene in 2004, several researchers have been investigated its 

genetic variants in various diseases (Owen et al., 2010; Fung et al., 2012; He et al., 2021). In 

Iraq, only two studies have performed to indicate the role of VKORC1 genetic polymorphism 

in warfarin dose requirements (Sahib et al., 2021) and relationship to incidence of COVID-19 

(Al-Fattli and Abd-Alraoof, 2022). This study revealed the overexpression of VKORC1 gene 

in acutely and chronically CHF patients when compared to control healthy ones. This genetic 

variability can significantly influence on susceptibility of individuals to cardiac diseases and 

their responses to related pharmacotherapies particularly with presence of specific 

polymorphisms. Also, it may reduce the amount of functional VKORC1 enzyme, thereby 

influencing the activation of clotting proteins and potentially impacting cardiovascular health 

(Shafique et al., 2022). Specifically, SNPs in VKORC1 have been identified as the key 

determinants in the efficacy and appropriate dosage of anticoagulant medications like warfarin, 

a widely used drug in preventing and treating thromboembolic events in cardiac patients (Al 

Hamad, 2025). Among several identified SNPs in the VKORC1 gene, -1639G>A is particularly 

notable because of its impact and causing changes in the enzymatic activities (Czogalla et al., 

2015; Lacombe and Ferron, 2018; Ghafoor et al., 2022). Several studies mentioned that the -

1639G>A polymorphism can significantly decrease VKORC1 expression, and consequently, 

reducing warfarin metabolism and coagulation factors, a phenomenon with substantial 

implications for therapeutic dosing (Vesa et al., 2020; Mar et al., 2022; Putriana et al., 2025). 

Furthermore, genetic mutations within the promoter region of VKORC1 including rs9923231, 

rs9934438, rs749671 and rs7294, can directly modulate the hepatic expression of VKORC1 

mRNA transcripts, thereby impacting an individual’s sensitivity to warfarin therapy (Chen et 

al., 2025; Vesa et al., 2026). This reduced the expression of functional VKORC1 protein leads 

to a heightened response to lower doses of coumarin-based anticoagulants and increased risk 

of associated adverse events, particularly in carriers of the VKORC1 polymorphism (Kraimi et 

al., 2021; Zhang et al., 2024). Other studies indicated that the 1173C>T polymorphism, found 

in the first intron, is closely linked to the -1639G>A variant and also influences VKORC1 

expression and sensitivity to anticoagulant especially warfarin, indicating a consistent effect 

across various ethnic population (Kayani et al., 2025; Lars et al., 2025).  

In the presents study, the findings of cardiac enzymes were shown a significant elevation in 

values of cTn-I, CK-MB, L-LDH, and MYO-MB markers among both study populations of 
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patients’ groups (ACHF and CCHF) when compared to those of healthy NC group. Among the 

patients of both study groups, though no significant differences were detected in values of cTn-

I, L-LDH, and MYO-MB, the findings of CK-MB was significantly higher in CCHF group 

than those of ACHF. Several studies identified that cTns particularly cTn-I have evolved from 

being considered sole indicators of myocardial infarction to broader markers of cardiomyocyte 

damage across a spectrum of clinical conditions. This expanded understanding includes their 

utility in assessing and prognosting outcomes in patients with both acute and chronic CHF, 

where even subtle elevations can signify ongoing myocardial injury or stress (Agusala et al., 

2019; Canty, 2022; Chaulin, 2022; Crisci et al., 2023). The differential release and clearance 

mechanisms of cTn-I alongside its high sensitivity offer distinct insights into the 

pathophysiology of heart failure, differentiating it from Tn-T in certain clinical contexts (Lazar 

et al., 2022). Nevertheless, relationship between elevated cTn-I levels and increased mortality 

and hospitalization rates in heart failure patients with reduced ejection fraction is well-

established (Zangana and AL-Tawil, 2017; Berezin and Berezin, 2023). However, Myhre et al. 

(2019, 2024) indicated that elevated concentrations of high-sensitivity cTn-I, unlike cTn-T, are 

specifically linked to future deterioration in left ventricular function, even though both predict 

dyspnea, incident heart failure, and mortality. While cTns (I and T) demonstrate a non-random 

diurnal variations and are highly sensitive indicators of myocardial injury, CK has been gain 

more attention since the 1960s as fundamental biomarker in diagnosing of myocardial 

infarction with offering more important complementary information (Qi et al., 2025). The 

discovery of CK-MB since the 1970s had significantly enhanced the accuracy of myocardial 

damage diagnosis as a critical biomarker for detecting myocardial necrosis and evaluating 

acute myocardial infarction (Wu et al., 2020; Liu et al., 2024). However, in contrast to our 

findings, Khalil (2022) mentioned that the distinct temporal profile of CK-MB is characterized 

by it elevation 4-6 hours post-injury and return to baseline within 48-72 hours, offers an 

advantage in identifying re-infection, as its earlier clearance compared to cTn that allows for 

the detection of recurrent myocardial injury within a shorter timeframe. On other hand, L-LDH 

has emerged as a non-specific indicator of cellular damage across various clinical conditions 

(Sen et al., 2022; Zhang et al., 2025); however, various researchers have documented 

extensively the presence of elevated levels of L-LDH in patients experiencing myocardial 

damage, thus highlighting its role as a diagnostic marker in various cardiac pathologies 

(Vasbinder et al., 2022; Zhao et al., 2024; Ade Vittal and Gajanan, 2025). Additionally, 

Draghici et al. (2021) reported that the dynamic changes in L-LDH levels in response to 

therapeutic interventions in both ACHF and CCHF can provide valuable insight into treatment 

efficacy and disease modulation. Consequently, damage to muscle tissue particularly in acute 

myocardial diseases or other critical illnesses can lead to rapid release of MYO-MB in blood 

stream making it a valuable early biomarker for diagnosing these diseases and distinguishing 

between various etiologies and physiological presentations of cardiac conditions (Chauin, 

2021; Thupakula et al., 2022; Tilea et al., 2022). 

Conclusion 

This might represent the first study in Iraq investigate association between VCORC1 gene and 

phases of CHF; in which, genotyping frequency of GA and allele frequency of rs9923231 SNP 

was significantly higher in patients’ groups (ACHF and CCHF). This demonstrates that 

VCORC1 gene is potential as an indicator for acute and chronic CHF but warrants further 

investigation due to its possible involvement in pathways that critical to cardiac function and 

pharmacogenomics relevance. In addition, the ongoing advancements in sequencing 

technologies are bringing personalized medicine closer to clinical application, allowing for a 

more tailored approach to cardiovascular therapeutics. For cardiac enzymes, our data 
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demonstrate the high levels among the study patients indicating that this distinction 

underscores the importance of biomarker selection in assessing cardiac risk and guiding 

therapeutic strategies in heart failure.  
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