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Chronic kidney disease is recognized globally as a progressive and critical health challenge, frequently culminating in end-stage renal disease. Consequently, when life-saving renal replacement therapies such as hemodialysis are initiated, the patient's internal metabolic environment is significantly altered, making the continuous monitoring of biochemical parameters absolutely vital for survival and care quality. Therefore, the primary objective of this research was to comprehensively evaluate the levels of essential biochemical markers, specifically targeting renal function indicators and systemic electrolytes, among end-stage renal disease patients undergoing regular hemodialysis in Diwaniyah Governorate, thereby establishing a critical localized clinical database.
To achieve this, a cross-sectional analytical study was conducted involving 90 adult participants, who were meticulously stratified into an experimental group of 70 patients receiving maintenance hemodialysis and a control group of 20 apparently healthy subjects. Venous blood samples were systematically collected prior to dialysis sessions and subsequently analyzed for blood urea, serum creatinine, uric acid, and key electrolytes using automated clinical chemistry analyzers. The findings revealed that primary indicators of renal function were massively elevated; specifically, mean serum creatinine and blood urea concentrations in the patient cohort surged to 8.4 ± 1.8 mg/dL and 145.6 ± 22.4 mg/dL, respectively, in stark contrast to the healthy controls (P ≤ 0.001). Furthermore, severe systemic electrolyte imbalances were detected, characterized by significant hyperkalemia (5.6 ± 0.6 mEq/L) and hyperphosphatemia (6.3 ± 1.2 mg/dL), alongside a marked depletion in serum calcium levels (7.8 ± 0.7 mg/dL) among the hemodialysis patients (P ≤ 0.001), whereas sodium levels remained statistically comparable between the two groups.
In conclusion, it is evident that routine hemodialysis partially fails to restore physiological equilibrium, leaving patients in this region highly susceptible to severe uremia and electrolytic derangements. To mitigate these profound metabolic complications, the strict implementation of "tailored dietary counseling and optimized dialysis prescriptions" is urgently recommended to improve overall patient outcomes.
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1. [bookmark: _wpwoq9t7j0nn]Introduction
The gradual deterioration of renal function characterizes chronic kidney disease, a condition that frequently advances to end-stage renal disease. Consequently, life-saving interventions, primarily hemodialysis, are necessitated when the filtration of waste products becomes ineffective. Because the internal physiological environment is substantially modified by this treatment, the continuous monitoring of biochemical parameters is required to ensure therapeutic efficacy (Hill et al., 2016). In clinical practice, tracking these markers is the cornerstone of patient survival and care quality.
Significant variations in vital biochemical and hematological indices are routinely observed in patients receiving regular hemodialysis. To avert life-threatening cardiovascular and bone-related complications, the routine measurement of key elements like serum creatinine, blood urea, and electrolytes is mandated (Kalantar-Zadeh et al., 2021). Therefore, understanding these shifts allows nephrologists to tailor interventions more accurately.
Globally, the prevalence of end-stage renal disease is surging, leaving millions dependent on dialysis for survival. As noted in recent literature, mortality rates among hemodialysis patients remain alarmingly high globally, often exceeding 20% annually due to "severe cardiovascular and metabolic complications" (Bikbov et al., 2020). Addressing this high mortality requires a deeper understanding of localized biochemical trends, which can guide more customized and effective clinical protocols.
A notable geographic data gap exists in the Iraqi medical literature, as prior clinical studies have largely focused on specific metropolitan centers, leaving other regions underrepresented. Generalized national statistics often overlook unique regional variables, including specific dietary patterns, environmental influences, and local healthcare protocols. By establishing localized baseline data for Diwaniyah, the present study seeks to overcome these shortcomings and facilitate highly targeted therapeutic interventions.
In a previous study about the evaluation of some biochemical and hematological parameters in the year 2024 in the city of Baghdad and its goal was to evaluate the findings of certain tests in samples from Iraqi CKD patients, researchers assessed renal function indicators including serum blood urea, creatinine, uric acid, and estimated glomerular filtration rate, alongside complete blood count and cystatin C (AL-Ani and Al-Lami, 2024). This broad metabolic assessment highlights the profound systemic impact of the disease. Furthermore, in a previous study about the evaluation of galectin-3 and other biochemical parameters in the year 2023 in the city of Erbil and its goal was to evaluate these markers in hemodialysis patients, it was established that serum galectin-3 levels were significantly elevated among patients suffering from concurrent cardiovascular disease compared to those without it (Abdullah and Mohammadamin, 2023). These contrasting regional findings underscore the urgent need to evaluate equivalent parameters in previously unstudied governorates.
Consequently, the primary objective of the current study is to comprehensively evaluate the levels of key biochemical markers, including blood urea, creatinine, and electrolytes, in chronic kidney failure patients undergoing regular hemodialysis in Diwaniyah Governorate. Through the rigorous mapping of their metabolic profiles, this research endeavors to build a localized scientific database, which will ultimately optimize regional healthcare delivery and inform future investigations.

[bookmark: _804q9znynr4r]2.1 Methods
[bookmark: _wgkw3f7p7tk0]2.1. Study Design and Setting 
A cross-sectional analytical design was employed to execute the current investigation within the Diwaniyah Governorate, Iraq. The primary setting for participant recruitment and clinical data collection was the specialized hemodialysis unit at the regional tertiary care facilities. By adopting this specific epidemiological approach, the precise and concurrent assessment of multiple biochemical parameters was facilitated. As emphasized in a comparable regional evaluation, utilizing a cross-sectional framework allows researchers to effectively capture "metabolic changes in chronic kidney disease" within a specific timeframe (AL-Ani and Al-Lami, 2024). This methodological choice is highly advantageous, as it provides an immediate, reliable snapshot of the metabolic stability and healthcare needs of the targeted local population.
[bookmark: _ur6ilvl67ng9]2.2. Study Population and Sampling Strategy
 A comprehensive cohort comprising 90 adult individuals was systematically enrolled in this research. To ensure statistical reliability, this sample was meticulously stratified into two distinct categories: an experimental group consisting of 70 patients diagnosed with end-stage renal disease who were actively receiving maintenance hemodialysis, and a control group encompassing 20 apparently healthy volunteers. The recruitment process was rigorously governed by predefined inclusion criteria; notably, eligible patients were required to have been on a stable hemodialysis regimen—typically undergoing two to three sessions per week—for a minimum duration of six months. Conversely, individuals presenting with acute kidney injury, active systemic infections, malignancies, or severe hepatic disorders were explicitly excluded from the study to prevent the introduction of confounding variables that could skew the biochemical results. In a previous study about the evaluation of galectin-3 and other biochemical parameters in the year 2023 in the city of Erbil and its goal was to evaluate these markers in hemodialysis patients, the investigators implemented a highly similar sampling architecture by comparing a cohort of regular hemodialysis patients against a healthy control group (Abdullah and Mohammadamin, 2023). The strict alignment of our sampling methodology with these established regional protocols significantly enhances the validity, reproducibility, and comparative value of our clinical findings.
[bookmark: _5spsk2d7zjuu]2.3. Ethical Considerations 
Prior to the initiation of any participant recruitment or sample collection procedures, formal ethical approval was officially secured from the Institutional Review Board associated with the Iraqi Ministry of Health - Diwaniyah Health Department. Furthermore, comprehensive, written informed consent was mandated and obtained from every participant after the objectives and procedures of the research were clearly elucidated to them. Throughout the entirety of the project, the core ethical principles outlined in the Declaration of Helsinki were strictly upheld, guaranteeing that the privacy, confidentiality, and overall well-being of the patients were uncompromised.
[bookmark: _5xht8mwbnyk7]2.4. Blood Sample Collection and Processing
Venous blood samples, typically 5 mL in volume, were meticulously extracted from all participants under strict aseptic conditions. For the hemodialysis cohort, the blood was specifically drawn immediately prior to the commencement of their mid-week dialysis session; this timing was chosen to accurately reflect the maximum baseline systemic accumulation of metabolic waste products. Subsequently, the collected specimens were transferred into sterile, gel-separator tubes and centrifuged at 3000 rpm for approximately 10 to 15 minutes to effectively isolate the serum. This extracted serum was then carefully aliquoted and preserved at -20°C until the requisite biochemical evaluations could be conducted. In a previous study about the evaluation of some biochemical and hematological parameters in the year 2024 in the city of Baghdad and its goal was to evaluate the findings of certain tests in samples from Iraqi CKD patients, similar pre-analytical protocols were rigorously applied, wherein blood samples were systematically collected during the patients' routine hospital visits and processed promptly for renal function testing (AL-Ani and Al-Lami, 2024). This stringent standardization ensures minimal degradation of the target biomarkers before laboratory analysis.
[bookmark: _uw673goty0m]2.5. Biochemical Laboratory Analysis
The quantitative determination of the primary renal profile—specifically encompassing blood urea, serum creatinine, and uric acid—was executed utilizing a fully automated, state-of-the-art clinical chemistry analyzer. Furthermore, the concentrations of critical serum electrolytes, namely sodium (Na⁺), potassium (K⁺), calcium (Ca²⁺), and phosphorus (PO₄³⁻), were measured utilizing advanced ion-selective electrode (ISE) technology alongside standard commercial colorimetric assay kits. By employing these highly calibrated analytical methodologies, a superior degree of precision and diagnostic reliability was guaranteed in reflecting the internal metabolic environments of the participants.
[bookmark: _z0txv19tqfso]2.6. Statistical Analysis
All obtained clinical and demographic data were systematically compiled, coded, and subjected to rigorous statistical evaluation using the Statistical Package for the Social Sciences (SPSS) software, version 25.0. Descriptive statistics were initially generated, with continuous biological variables being expressed as means accompanied by their respective standard deviations (Mean ± SD), while categorical data were presented as frequencies and percentages. To ascertain the statistical significance of the observed biochemical variances between the hemodialysis patients and the healthy control group, an independent samples t-test was rigorously applied. A P-value equal to or less than 0.05 (P ≤ 0.05) was universally established as the definitive threshold for statistical significance throughout all comparative analyses. As seen in a previous study about the evaluation of galectin-3 and other biochemical parameters in the year 2023 in the city of Erbil and its goal was to evaluate these markers in hemodialysis patients, the researchers similarly utilized advanced software to determine the mean levels of specific parameters, comparing hemodialysis cohorts against control groups to derive clinically meaningful associations (Abdullah and Mohammadamin, 2023). Such robust statistical frameworks are absolutely essential for validating the clinical relevance of the empirical data gathered in this study.


[bookmark: _kokdrh522go]3. Results
[bookmark: _973ho92209ne]3.1. General Characteristics of the Study Population
The demographic and general characteristics of the participants involved in the current study were statistically analyzed, and the findings are detailed in Table 1. The study cohort consisted of a total of 90 individuals, who were categorized into two distinct groups: a patient group comprising 70 individuals diagnosed with end-stage renal disease undergoing regular hemodialysis, and a comparatively healthy control group consisting of 20 individuals.
Regarding the gender distribution within the study, the patient group included 40 males, representing 57.1% of the group, and 30 females, making up the remaining 42.9%. In parallel, the healthy control group consisted of 12 males (60.0%) and 8 females (40.0%). The age distribution was also evaluated, revealing that the mean age for the hemodialysis patients was recorded at 52.4 ± 8.6 years. This was statistically comparable to the control group, which demonstrated a mean age of 50.1 ± 7.2 years, showing no significant variation between the two categories. Furthermore, the Body Mass Index (BMI) was measured for all participants. The data indicated a mean BMI value of 23.5 ± 3.1 kg/m² for the hemodialysis patients, while the healthy subjects exhibited a slightly higher mean BMI of 24.8 ± 2.5 kg/m².

[bookmark: _tp0nfkxrtww9]Table 1: Demographic and general characteristics of hemodialysis patients and the control group in Diwaniyah Governorate.
	Parameter
	Hemodialysis Patients (n = 70)
	Control Group (n = 20)
	P-value

	Gender, n (%)
	
	
	

	Male
	40 (57.1%)
	12 (60.0%)
	0.812

	Female
	30 (42.9%)
	8 (40.0%)
	

	Age (years)
	
	
	

	Mean ± SD
	52.4 ± 8.6
	50.1 ± 7.2
	0.275

	Range
	35 - 71
	38 - 65
	

	Body Mass Index (BMI, kg/m²)
	
	
	

	Mean ± SD
	23.5 ± 3.1
	24.8 ± 2.5
	0.084


 
[bookmark: _pxs7xbfjpnsz]3.2. Evaluation of Renal Function and Biochemical Markers
The biochemical profiles of all participants were rigorously analyzed to assess their metabolic status, and the comprehensive findings are explicitly detailed in Table 2. When evaluating the primary indicators of renal function, a highly significant elevation was observed in the patient group receiving hemodialysis compared to the healthy control subjects. Specifically, the mean serum creatinine concentration was recorded at 8.4 ± 1.8 mg/dL for the patients, which represents a drastic increase against the 0.9 ± 0.2 mg/dL observed in the control group (P ≤ 0.001). Similarly, blood urea levels were substantially escalated, demonstrating a mean value of 145.6 ± 22.4 mg/dL in the hemodialysis cohort, contrasting sharply with the normal baseline of 28.3 ± 5.1 mg/dL documented for the healthy participants (P ≤ 0.001). Furthermore, the measurement of serum uric acid revealed a parallel upward trend, where patients exhibited an average concentration of 7.2 ± 1.1 mg/dL, whereas the controls maintained a mean of 4.5 ± 0.8 mg/dL (P ≤ 0.001).
In addition to the primary renal markers, systemic electrolyte balances were meticulously quantified. The data demonstrated profound statistical fluctuations within the hemodialysis group. Serum potassium levels were significantly elevated, reaching a mean of 5.6 ± 0.6 mEq/L, compared to 4.1 ± 0.4 mEq/L in the healthy controls (P ≤ 0.001). Conversely, a marked depletion in serum calcium concentrations was detected, with the patient group displaying an average of 7.8 ± 0.7 mg/dL against the control group's 9.6 ± 0.5 mg/dL (P ≤ 0.001). Serum phosphorus levels also exhibited a highly significant surge among the patients, recording 6.3 ± 1.2 mg/dL in contrast to 3.4 ± 0.4 mg/dL in the control cohort (P ≤ 0.001). However, regarding serum sodium concentrations, no statistically significant difference was identified between the two groups, as patients showed a mean of 138.2 ± 4.5 mEq/L compared to 140.1 ± 3.2 mEq/L in the controls (P = 0.075).
[bookmark: _xoxp3o9dmk3k]Table 2: Comparison of biochemical parameters and electrolyte levels between hemodialysis patients and the healthy control group.
	Biochemical Parameter
	Hemodialysis Patients (n = 70) (Mean ± SD)
	Control Group (n = 20) (Mean ± SD)
	P-value

	Renal Function Tests
	
	
	

	Blood Urea (mg/dL)
	145.6 ± 22.4
	28.3 ± 5.1
	≤ 0.001

	Serum Creatinine (mg/dL)
	8.4 ± 1.8
	0.9 ± 0.2
	≤ 0.001

	Serum Uric Acid (mg/dL)
	7.2 ± 1.1
	4.5 ± 0.8
	≤ 0.001

	Electrolytes
	
	
	

	Serum Sodium (Na⁺) (mEq/L)
	138.2 ± 4.5
	140.1 ± 3.2
	0.075

	Serum Potassium (K⁺) (mEq/L)
	5.6 ± 0.6
	4.1 ± 0.4
	≤ 0.001

	Serum Calcium (Ca²⁺) (mg/dL)
	7.8 ± 0.7
	9.6 ± 0.5
	≤ 0.001

	Serum Phosphorus (PO₄³⁻) (mg/dL)
	6.3 ± 1.2
	3.4 ± 0.4
	≤ 0.001


 
[bookmark: _xg5xa1s8d4bf]4. Discussion
The results appeared as shown in Table 1 regarding the demographic and general characteristics of the participants. These results indicate that the selection of the patient and control groups was highly comparable, demonstrating no significant disparities in age, gender distribution, or body mass index. Perhaps the reason is the rigorous application of specific inclusion and exclusion criteria during the sample collection phase to eliminate demographic bias. A previous study, whose goal was to assess the nutritional status of hemodialysis patients using anthropometric measurements, was conducted in the year 2021 in the country of Pakistan and reached a similar conclusion, showing stable body mass indices in controlled dialysis cohorts (Sultan et al., 2021). This indicates that routine dialysis, combined with proper dietary counseling, can maintain basic physical parameters. The aforementioned study agrees with the current study, while another study, which aimed to evaluate the association between body mass index and mortality, found results that differed from the current study, as it found a severe and progressive decline in BMI among incident dialysis patients (Badve et al., 2014). Perhaps this indicates that drastic changes in body mass are more strongly associated with the duration of the disease and the presence of severe protein-energy wasting rather than the initial stages of hemodialysis therapy.
The results appeared as shown in Table 2 concerning the primary renal function markers, highlighting a massive elevation in blood urea, serum creatinine, and uric acid among the patient group compared to the healthy controls. These results indicate that the patients are experiencing severe uremia and a profound inability to filter physiological waste. Perhaps the reason is the progressive, irreversible destruction of functional nephrons characteristics of end-stage renal disease, which fundamentally halts the excretion of nitrogenous metabolic byproducts (Vadakedath and Kandi, 2017). In a previous study about the assessment and correlation of urea and creatinine levels in the year 2016 in the city of Wardha (India) and its goal was to evaluate these markers in chronic kidney disease, the researchers found that serum creatinine and urea were drastically elevated by over 70% in affected patients, and this indicates a universal, unavoidable metabolic consequence of advanced renal failure (Pandya et al., 2016). This aligns perfectly with our findings, confirming that while hemodialysis is life-sustaining, it only partially substitutes the continuous, efficient filtration provided by healthy kidneys (Abbasi et al., 2010).
Regarding the systemic electrolyte balances, the results appeared as shown in Table 2, where these results indicate that hemodialysis patients suffer from severe hyperkalemia, hyperphosphatemia, and notable hypocalcemia, despite maintaining relatively normal sodium levels. Perhaps the reason is the diminished renal excretion capacity for dietary potassium and phosphorus, coupled with the kidneys' failure to synthesize active vitamin D (calcitriol), which is essential for intestinal calcium absorption (Cozzolino et al., 2018). Where a previous study showed that the aim of which was to determine coronary risk factors in maintenance hemodialysis patients, where the study was conducted in the year 2011 in the country of India, and it reached the conclusion that critical hyperkalemia and hyperphosphatemia are highly prevalent among the dialysis population, and this indicates that dietary non-compliance and inadequate dialysis sessions significantly exacerbate these dangerous imbalances (Gupta and Mahajan, 2011). The aforementioned study agrees with the current study, while another study, which aimed to compare nutritional and biochemical parameters among adult and elderly hemodialysis patients, found results that differed from the current study, as it found widespread and significant hyponatremia (low sodium) among the elderly cohorts (Çelik et al., 2011). Perhaps this indicates that advancing age, localized fluid intake restrictiveness, and different dialysis fluid compositions can uniquely alter sodium regulation, a complication not distinctly observed in the younger demographic of the current study.
[bookmark: _a863pubx6frv]Conclusions
In conclusion, the current investigation substantiates that end-stage renal disease patients undergoing regular hemodialysis in Diwaniyah Governorate endure profound metabolic and electrolytic derangements, which are characterized primarily by severe uremia, hyperkalemia, and hyperphosphatemia alongside significant hypocalcemia. Because it was explicitly observed that routine dialysis sessions fail to completely restore normal physiological equilibrium, the continuous and precise monitoring of these specific biochemical indices is rendered absolutely critical. Addressing these persistent imbalances requires a highly localized clinical approach; therefore, it is imperative that "tailored dietary counseling and optimized dialysis prescriptions" are rigorously implemented. Ultimately, by establishing this regional baseline data, healthcare providers are better equipped to mitigate the high risks of cardiovascular and mineral bone complications within this specific Iraqi demographic, thereby improving overall patient survival and quality of life.
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