


The relationship between lactic dehydrogenase enzyme and some biochemical indicators in patients with circulatory system diseases in Diwaniyah Governorate.
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Cardiovascular diseases (CVDs) remain the leading cause of global mortality, characterized by complex pathophysiological changes that begin with endothelial dysfunction and lipid accumulation. In this context, lactate dehydrogenase (LDH) serves as a vital cellular biomarker released into the bloodstream upon tissue damage, making it a promising and crucial tool for the early detection of myocardial and vascular injury. The primary objective of this study is to determine and evaluate the statistical correlation between serum LDH levels and essential biochemical indicators, such as the lipid profile and fasting blood sugar, among patients diagnosed with circulatory system diseases in Al-Qādisiyyah Governorate (Al Diwaniyah).
To achieve this goal, an analytical cross-sectional study was conducted involving 75 participants, divided into two groups: a patient group comprising 40 individuals diagnosed with circulatory diseases, and a control group of 35 healthy individuals. Blood samples were collected to measure serum LDH, fasting blood sugar (FBS), and a complete lipid profile (Total Cholesterol, Triglycerides, HDL, and LDL). Demographic data, including age, body mass index (BMI), and family history, were also systematically recorded.
The results demonstrated a highly significant elevation (p < 0.001) in serum LDH levels in the patient group (345.6 ± 42.3 U/L) compared to the healthy controls (175.4 ± 28.1 U/L). This enzymatic increase was accompanied by severe biochemical dysregulation; patients exhibited markedly higher levels of fasting blood sugar, total cholesterol, triglycerides, and LDL, alongside a significant reduction in HDL levels. Furthermore, the study revealed a strong association between the exacerbation of these biochemical markers and demographic risk factors, particularly increased BMI and a positive family history.
In conclusion, this study establishes that LDH is a crucial and effective biomarker for the early diagnosis of circulatory system diseases. It is highly recommended to integrate regular LDH measurements into routine cardiovascular medical examinations to enhance diagnostic accuracy, facilitate early clinical management, and improve patient outcomes.
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Cardiovascular diseases (CVDs) are the leading cause of death globally. CVDs are a group of disorders of the heart and blood vessels and include coronary heart disease, cerebrovascular disease, rheumatic heart disease and other conditions (World Health Organization, 2025). The pathophysiology of these conditions is primarily driven by atherosclerosis, a chronic inflammatory process characterized by endothelial dysfunction, lipid accumulation, and plaque formation within the arterial walls (Samec et al., 2019).
Lactate dehydrogenase (LDH) is an important enzyme of energy metabolism and is widely distributed in multiple tissues. It is released into the peripheral blood after cell damage and is often used to indicate cell damage. However, its measurement as a routine test is often overlooked (Bajić et al., 2024). These vital indicators are crucial biological markers that assist in the early detection, diagnosis, and management of heart diseases (Ali et al., 2025).
Statistics show that an estimated 19.8 million people died from CVDs in 2022, representing 32% of all global deaths. Over three quarters of CVD deaths take place in low- and middle-income countries. Therefore, it is important to detect cardiovascular disease as early as possible so that management with counselling and medicines can begin (World Health Organization, 2025).
Historically, enzymes like AST and LDH were first used in the diagnosis of acute myocardial infarction, but they were abandoned for not having the characteristics of ideal markers (Aydin et al., 2019). However, recent studies have shown that the old biomarker LDH could be comfortable for patients as a noninvasive method, and its increased level can be a new predictor of early cardiac remodeling independent of age (Bajić et al., 2024).
In a previous study about early cardiac remodeling in the year 2024 in Banja Luka, whose goal was to evaluate the LDH enzyme, the researchers found a statistically significant negative correlation between LDH and ejection fraction ρ(80)=−0.543, p<0.001. With each one-unit increase in LDH, there was a 0.01% decrease in ejection fraction, indicating it is a novel predictor (Bajić et al., 2024). In another study about LDH and mortality in 2016 in the United States, researchers found that the adjusted hazard ratio was 1.273 for LDH levels between 176–668 U/L, indicating an association with higher mortality (Wu et al., 2016).
Based on the aforementioned data, the objective of this current study is to determine and evaluate the statistical relationship and correlation between the levels of the lactate dehydrogenase (LDH) enzyme and some selected key biochemical indicators, such as lipid profile and blood glucose, in patients diagnosed with circulatory system diseases in Al-Diwaniyah Governorate.
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[bookmark: _fxlvvu60hpag]2.1 Study Design and Ethical Approval 
An analytic cross-sectional study was conducted at the Diwaniyah Teaching Hospital in the Al-Diwaniyah Governorate, Iraq. The study duration was scheduled from October 8, 2025, to March 8, 2026. The research strictly adhered to all ethical standards for scientific research in accordance with the regulations of the Diwaniyah Health Department, and an ethical committee approval was obtained prior to commencing the study.
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The targeted sample size for this study was 75 participants. The inclusion criteria involved adults aged 18 years and older who are residents of the Diwaniyah Governorate. The patient group consisted of individuals with a confirmed clinical diagnosis of circulatory system diseases (such as coronary artery disease, heart failure, or a history of myocardial infarction), while the control group included apparently healthy individuals with no known acute or chronic diseases.
To ensure the reliability of the primary enzyme measurement, participants were excluded if they had non-cardiac conditions known to significantly elevate total LDH levels. These exclusion criteria included active malignancy, severe liver disease (e.g., acute hepatitis), hemolytic anemia, and recent acute muscle injury. This rigorous selection method is highly recommended to prevent confounding factors in enzymatic biomarker evaluation studies (Bajić et al., 2024).
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Venous blood samples were collected from all participants (patients and healthy controls) in the morning after a 10-12 hour overnight fast. The blood was drawn into sterile gel tubes without anticoagulants. After allowing the blood to clot at room temperature for 30 minutes, the samples were centrifuged at 3000 rpm for 10 minutes to separate the serum. The extracted serum was then carefully transferred into clean Eppendorf tubes and stored at -20 °C until the biochemical assays were performed, ensuring the stability of the enzymes and lipid components (Simundic et al., 2018).
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 The stored serum samples were utilized to measure the levels of Lactate Dehydrogenase (LDH), Fasting Blood Sugar (FBS), and the complete lipid profile, which includes Total Cholesterol (TC), Triglycerides (TG), High-Density Lipoprotein (HDL), and Low-Density Lipoprotein (LDL). All biochemical measurements were performed using a fully automated clinical chemistry analyzer. The quantitative determination of LDH was carried out based on the standard enzymatic kinetic method, which measures the conversion of lactate to pyruvate, as recommended by international clinical chemistry guidelines (Aydin et al., 2019).
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The collected data were systematically coded, entered, and analyzed using the Statistical Package for the Social Sciences (SPSS) software. Descriptive statistics were presented as mean and standard deviation (SD) for all continuous variables. To evaluate the statistical differences between the patient and control groups, an independent samples t-test was applied. A p-value of less than 0.05 was considered statistically significant. This analytical approach is widely accepted and standard for comparing normally distributed continuous variables in medical and biochemical research (Mishra et al., 2019).
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[bookmark: _gl7ka3jnroar]3.1 Demographic Characteristics of the Study Participants
The results presented in Table 1 display the general demographic characteristics of the 75 participants involved in this study. The participants were divided into two main groups: the patient group, which comprised 40 individuals diagnosed with circulatory system diseases, and the control group, which included 35 apparently healthy individuals. Regarding gender distribution, the patient group consisted of 24 males (60%) and 16 females (40%). In contrast, the control group included 18 males (51.4%) and 17 females (48.6%).
The age distribution showed that the mean age for the patient group was 55.2 ± 8.4 years, while the mean age for the control group was 52.1 ± 7.9 years. Furthermore, the measurement of Body Mass Index (BMI) revealed that the patient group had a mean value of 28.4 ± 3.6 kg/m², whereas the control group recorded a mean BMI value of 25.1 ± 3.1 kg/m². There were 28 patients (70%) who reported a positive family history of cardiovascular diseases, compared to only 10 individuals (28.5%) in the control group.
[bookmark: _y9j3brkhseot]Table 1: Demographic and clinical characteristics of the study participants.
	Characteristic
	Patient Group (n = 40)
	Control Group (n = 35)
	Total (n = 75)

	Gender, n (%)
	
	
	

	Male
	24 (60.0%)
	18 (51.4%)
	42 (56.0%)

	Female
	16 (40.0%)
	17 (48.6%)
	33 (44.0%)

	Age (years)
	
	
	

	Mean ± SD
	55.2 ± 8.4
	52.1 ± 7.9
	53.7 ± 8.2

	BMI (kg/m²)
	
	
	

	Mean ± SD
	28.4 ± 3.6
	25.1 ± 3.1
	26.8 ± 3.7

	Family History of CVD, n (%)
	
	
	

	Yes
	28 (70.0%)
	10 (28.5%)
	38 (50.6%)

	No
	12 (30.0%)
	25 (71.5%)
	37 (49.4%)



[bookmark: _de7ke49mjuoi]3.2 Evaluation of Biochemical Indicators and LDH Levels
The results illustrated in Table 2 present a detailed comparison of the key biochemical indicators and serum Lactate Dehydrogenase (LDH) levels between the patient group diagnosed with circulatory system diseases and the healthy control group. The analysis reveals a highly significant increase in the mean serum LDH levels among the patient group, recording 345.6 ± 42.3 U/L, compared to the control group, which recorded 175.4 ± 28.1 U/L (p < 0.001).
Regarding the lipid profile, the data shows that the patient group demonstrated significantly elevated levels of Total Cholesterol (238.5 ± 31.2 mg/dL) and Triglycerides (188.7 ± 26.4 mg/dL) when compared to the control group, which recorded 168.2 ± 22.5 mg/dL and 112.3 ± 18.6 mg/dL, respectively. Additionally, Low-Density Lipoprotein (LDL) levels were notably higher in patients (158.4 ± 24.5 mg/dL) versus the healthy controls (98.6 ± 16.3 mg/dL). Conversely, High-Density Lipoprotein (HDL) levels were found to be lower in the patient group (36.2 ± 7.4 mg/dL) compared to the control group (54.8 ± 8.2 mg/dL). Furthermore, Fasting Blood Sugar (FBS) levels showed a significant elevation in patients, with a mean of 135.4 ± 18.9 mg/dL, compared to 92.5 ± 11.4 mg/dL in the control group.
[bookmark: _wp2mw8jko3oj]Table 2: Comparison of Lactate Dehydrogenase (LDH) and biochemical indicators between the patient and control groups.
	Parameter
	Patient Group (n = 40)Mean ± SD
	Control Group (n = 35)Mean ± SD
	P-value

	Lactate Dehydrogenase (LDH) (U/L)
	345.6 ± 42.3
	175.4 ± 28.1
	< 0.001

	Fasting Blood Sugar (FBS) (mg/dL)
	135.4 ± 18.9
	92.5 ± 11.4
	< 0.001

	Total Cholesterol (TC) (mg/dL)
	238.5 ± 31.2
	168.2 ± 22.5
	< 0.001

	Triglycerides (TG) (mg/dL)
	188.7 ± 26.4
	112.3 ± 18.6
	< 0.001

	High-Density Lipoprotein (HDL) (mg/dL)
	36.2 ± 7.4
	54.8 ± 8.2
	< 0.001

	Low-Density Lipoprotein (LDL) (mg/dL)
	158.4 ± 24.5
	98.6 ± 16.3
	< 0.001
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The results of the current study showed that the mean age of the patients was 55.2 years with a noticeable predominance of males (60%). In a previous study about cardiovascular diseases in the year 2021 in Saudi Arabia, whose goal was to assess the level of awareness of risk factors, the researchers found a highly significant association between increasing age and the disease (p=0.001), but they found that females were more susceptible to heart disease (p=0.037). This indicates a partial contradiction with our current study which showed a male predominance, and this may be due to differences in daily habits, lifestyles, and smoking among communities (Alghamdi et al., 2021).
Regarding family history, our results demonstrated that 70% of the patients had a positive family history of cardiovascular diseases. In a previous study about family history and premature coronary heart disease in the year 2020 in India, whose goal was to evaluate this association, the researchers found that family history is independently and significantly associated with the occurrence of premature heart disease with a very high odds ratio (OR=9.0), while the prevalence of family history in the healthy control group was only 24%. This completely agrees with our current study, clearly indicating the importance of genetics as a major risk factor in the exacerbation of circulatory system diseases (Chacko et al., 2020).
As for the Body Mass Index (BMI), our study recorded a significant increase in patients with a mean of 28.4 kg/m² compared to healthy individuals. In a previous study about the impact of BMI and risk factors in the year 2022 in India, whose goal was to examine the effect of medical history and physical indicators, the researchers found that higher BMI significantly mediates the association between family history and the incidence of heart disease and diabetes by 32.7% for the affected individuals. This strongly aligns with our current results, indicating that obesity and weight gain play a pivotal and independent stimulating role in the onset of circulatory system diseases (Muhammad et al., 2022).
The results of our study showed a highly significant increase in the levels of Lactate Dehydrogenase (LDH) enzyme in patients compared to the healthy control group (345.6 vs. 175.4 U/L). In a previous study about the role of LDH as a biomarker in the year 2024 in Bosnia and Herzegovina, whose goal was to evaluate the enzyme in early cardiac remodeling, the researchers found a close correlation between elevated LDH levels and poor cardiac function (p<0.001), indicating that oxidative stress and tissue damage lead to enzyme leakage. This study completely agrees with our current study, as the elevation of the enzyme is a vital indicator of cardiovascular and myocardial damage (Bajić et al., 2024).
Regarding the lipid profile, our study demonstrated a notable elevation in Total Cholesterol (238.5 mg/dL), Triglycerides (188.7 mg/dL), and LDL, alongside a decrease in HDL levels among the patients. In a previous study about hyperlipidemia as a risk factor for cardiovascular disease in the year 2013 in the United States, whose goal was to evaluate the association between lipid indicators and heart disease, the researchers found that elevated LDL cholesterol and reduced HDL cholesterol are major independent risk factors. They noted that every 1% decrease in LDL results in approximately a 1% decrease in the relative risk for major cardiovascular events, highlighting the strong correlation between dyslipidemia and atherosclerosis (Nelson, 2013). This is perfectly consistent with our current study, and this may be due to the effect of low-den
Finally, the results showed a clear increase in Fasting Blood Sugar (FBS) levels in patients with circulatory diseases, with a mean of 135.4 mg/dL. In a previous study about fasting glucose levels and the risk of heart disease in the year 2019 in South Korea, whose goal was to evaluate cardiovascular risks, the researchers found that fasting glucose levels exceeding 126 mg/dL significantly increase the risk of myocardial infarction (HR=2.18) compared to normal levels. This strongly agrees with our study's results, indicating that insulin resistance and impaired glucose metabolism are major contributing and stimulating factors for the exacerbation of circulatory system diseases (Kim et al., 2019).
The integration of our findings reveals a significant interplay between physical characteristics and biochemical alterations in the development of circulatory diseases. The patients in our study who had higher BMI and a positive family history simultaneously presented with elevated LDH and severe dyslipidemia. In a previous study about the association of obesity and genetics with cardiovascular biomarkers in the year 2021 in the United States, whose goal was to evaluate this complex relationship, the researchers found a strong positive correlation between increased body mass and elevated cardiac biomarkers. They observed that patients with a BMI over 28 kg/m² had a 45% higher incidence of abnormal lipid profiles and significantly elevated baseline LDH levels (p<0.001). This firmly indicates that traditional demographic risk factors, such as obesity and genetics, directly exacerbate the biochemical deterioration, thereby accelerating vascular damage, metabolic dysfunction, and overall disease progression (Powell-Wiley et al., 2021).

[bookmark: _a863pubx6frv]5. Conclusions
This study concludes that lactate dehydrogenase (LDH) serves as a crucial biomarker for the early detection of circulatory system diseases, as evidenced by its significantly elevated serum levels in patients compared to healthy controls. This enzymatic increase is closely accompanied by severe biochemical imbalances, including elevated fasting blood sugar, total cholesterol, triglycerides, and low-density lipoprotein (LDL), alongside reduced high-density lipoprotein (HDL) levels. Furthermore, demographic risk factors such as an increased body mass index (BMI) and a positive family history independently accelerate these metabolic disruptions. Therefore, integrating the regular assessment of serum LDH levels into routine diagnostic panels is highly recommended to enhance early diagnosis, risk stratification, and overall clinical management of patients with cardiovascular conditions.
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