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Abstract

Background: Chronic Kidney Disease (CKD) and end-stage renal disease (ESRD) are major public health challenges,
often complicated by cardiovascular dysfunction known as "Cardio-Renal Syndrome". N-terminal pro-B-type natriuretic
peptide (NT-proBNP) is the gold standard for cardiac evaluation, but its interpretation is complex in renal patients due
to reduced clearance.

Objectives: This study aimed to analyze serum levels of NT-proBNP in kidney failure patients compared to healthy
individuals in Babylon Province, Iraq, to establish local diagnostic insights.

Materials and Methods: A total of 52 subjects (30 kidney failure patients and 22 healthy controls) were recruited from
Al-Imam Al-Sadiq Teaching Hospital between October 2025 and February 2026. NT-proBNP levels were measured via
enzyme-linked immunosorbent assay (ELISA) protocols . Statistical analysis was performed using Independent Sample
T-tests (SPSS v.20).

Results: Demographic data showed a significantly higher mean age in patients, compared to healthy controls. BMI was
lower in the patient group compared to controls, suggesting catabolic wasting. Statistical analysis revealed a highly
significant difference (P < 0.01) in NT-proBNP profiles between the two groups, confirming the profound impact of renal
failure on this biomarker.

Conclusion: The study reinforces the role of NT-proBNP as a significant, though complex, marker for monitoring
systemic homeostasis in kidney failure patients within the local Babylonian population.
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1. Introduction

Chronic Kidney Disease (CKD) has emerged as one of the most critical public health challenges of the 21st century.
Characterized by a progressive loss of kidney function over time, CKD affects a substantial portion of the global
population, with its prevalence increasing due to the rising incidence of diabetes mellitus, hypertension, and
cardiovascular diseases. In Iraq, as in many developing nations, the healthcare system is facing an increasing burden of
patients requiring renal replacement therapy, including hemodialysis and peritoneal dialysis [1].

The clinical progression of CKD is not merely restricted to the renal system. It is a systemic pathology that affects
virtually every organ, most notably the cardiovascular system. Patients with CKD are at a significantly higher risk of
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cardiovascular morbidity and mortality compared to the general population. This complex interplay, often referred to
as "Cardio-Renal Syndrome," represents a bidirectional relationship where dysfunction in one organ induces
dysfunction in the other[2].

In the context of the cardio-renal axis, accurate diagnosis and risk stratification are paramount. Traditional diagnostic
methods, such as clinical examination and standard imaging (e.g., echocardiography), are essential but can sometimes
be limited by volume overload and fluid retention—common features in renal failure patients—which may mask or
mimic symptoms of cardiac decompensation|[3].

Consequently, there has been a significant shift toward the use of biochemical markers to aid in early detection and
prognosis. Among these, N-terminal pro-B-type natriuretic peptide (NT-proBNP) has become the gold standard
biomarker for the evaluation of heart failure and ventricular stretch. NT-proBNP is produced by the cardiomyocytes in
response to increased ventricular wall stress, volume overload, and stretching of the myocardium. While NT-proBNP is
highly effective in the general population, its clinical utility in patients with advanced CKD remains a subject of intense
investigation[4]. The kidneys are the primary site of clearance for natriuretic peptides. When renal function declines—
specifically when the glomerular filtration rate (GFR) drops significantly—the clearance of NT-proBNP is severely
impaired[5]

This accumulation leads to chronically elevated serum levels of NT-proBNP, even in the absence of acute cardiac
pathology. This creates a clinical dilemma: does an elevated NT-proBNP level in a dialysis patient indicate heart failure,
or is it simply a reflection of reduced renal clearance? Distinguishing between these possibilities is vital for clinical
decision-making, as misinterpretation can lead to unnecessary interventions or, conversely, the failure to diagnose life-
threatening cardiac conditions[6].

The Babylon province presents unique epidemiological characteristics, including specific environmental exposures,
demographic dietary patterns, and a distinctive prevalence of comorbidities within the CKD population. Extrapolating
international guidelines without local verification may lead to inaccurate clinical assessments. Therefore, establishing
alocal reference for NT-proBNP levels in kidney failure patients is not only a scientific necessity but a clinical imperative
to improve the quality of care and patient outcomes in our region[7].

Research Objectives
The primary objective of this study is to survey and analyze the serum levels of NT-proBNP in patients suffering from
end-stage renal disease (ESRD) and chronic kidney disease within the Babylon province.

This research aims to:

e Quantify the baseline range of NT-proBNP in local patients receiving different forms of renal support.

e Correlate these findings with clinical indicators of heart function, such as left ventricular ejection fraction and
volume status.

e Evaluate the diagnostic accuracy of NT-proBNP as a predictor of cardiovascular events in this specific cohort.

o Develop a contextual understanding that can assist local nephrologists and cardiologists in interpreting NT-
proBNP results more accurately within our local healthcare framework.

2. Materials and methods

2.1. Patients or subjects

Serum samples were collected from different areas of Babylon Governorate from kidney failure in alimam alsadiq
teaching hospital, including 30 samples and 22 healthy, during the period from October 2025 to February 2026 and
preserved by freezing until the required tests were performed after centrifugation at 3000 rpm in 5 minutes.

2.2. Chemical materials / Procedure of NT-proBNP

2.2.1. Plate Preparation:

e The plate is blocked with Blocker A for 1 hour.
e The wells are washed 3 times.
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2.2.2. Sample Addition

e 50 pL of samples or calibrators are added.
e The plate is incubated for 2 hours with shaking.
e The wells are washed 3 times.

2.2.3. Detection and Analysis

25 pL of detection antibody is added.

The plate is incubated for 2 hours.

The wells are washed 3 times.

Read Bulffer is added, and the plate is analyzed using the instrument.

2.3. Statistical analysis

After results was complete the statistics analysis made by SPSS version 20, to make comparison between healthy and
kidney failure patients in the parameter NT-proBNP by independent sample t test.

3. Results and discussion

The demographic profile presented in Table 1 reveals a significant age disparity between study groups. This elevation
in the mean age of patients suggests a progressive physiological decline or cumulative metabolic stress that correlates
with the onset of the studied condition. Historically, advancing age is recognized as a primary non-modifiable risk factor
for various metabolic and chronic disorders, primarily due to the exhaustion of antioxidant defense mechanisms and
the accumulation of oxidative cellular damage [8].

Furthermore, the Body Mass Index (BMI) values indicate a lower mean in the patient group compared to the healthy
group. While both groups fall within the normal range, the relative decline in BMI among patients might be attributed
to "catabolic wasting" or metabolic inefficiency often observed in chronic disease states [9]. This divergence in BMI
highlights a potential shift in energy homeostasis, where the body’s metabolic demands exceed caloric intake or
absorption efficiency[10]. The statistical significance of these demographic variations underscores the necessity of
considering age-related physiological shifts when interpreting biochemical markers [11].

Table 1 Demographic data mean+S.E.

arameters | Age Bmi
groups
Healthy 45 +0.53 23.1+0.02
Patients 56.24+0.2 | 21.3+0.1

The gender ratio depicted in Figure 1 provides critical insights into the epidemiological prevalence of the condition
within the patient cohort. Gender-based differences in disease manifestation are frequently linked to hormonal
variations, particularly the protective role of estrogen in pre-menopausal women and the distinct inflammatory
responses observed in males [12].
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gender ratio of study patients
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Figure 1 The ratio of gender in the group of patients

The observed distribution suggests that gender-specific biological pathways may influence susceptibility to the disease
or its clinical progression. For instance, recent studies have demonstrated that sexual dimorphism in gene expression
and metabolic rate plays a pivotal role in how patients respond to therapeutic interventions [13]. If a higher prevalence
is noted in one gender, it may indicate a genetic predisposition or environmental exposure patterns unique to that group
[14]. Analyzing this ratio is fundamental for developing personalized medical approaches that account for these
inherent biological disparities [15].

life style ratio in study patients
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Figure 2 Ratio of life style in study patients

The Independent Sample T-test results, as illustrated in Figure 3, demonstrate a highly significant difference between
the studied groups at a P-value of 0.01. This rigorous statistical threshold (P < 0.01) confirms that the observed
biochemical or physiological variations are not due to random chance but reflect a fundamental pathological, ensures
that the precision of the sample mean is accurately represented, reflecting a stable and reproducible data set [16].

Such significant P-values typically indicate a robust separation in the biochemical profiles, possibly involving electrolyte
imbalances, lipid peroxidations, or enzymatic dysregulations [17]. The magnitude of the difference between the healthy
and patient groups serves as a quantitative measure of the disease's impact on systemic homeostasis. Scientific
literature suggests that when markers exhibit such high statistical significance, they often serve as reliable diagnostic
or prognostic indicators in clinical settings [18]. This data reinforces the hypothesis that the condition induces systemic
alterations that are both measurable and statistically profound [19].
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Figure 3 Independent sample T test (mean # S.E.) significant differences at P value (0.01)

4., Conclusion

This study demonstrates a robust and statistically significant elevation of NT-proBNP levels in kidney failure patients
compared to healthy individuals in the Babylon province. The findings suggest that renal impairment leads to a
measurable accumulation of this biomarker, likely due to a combination of increased ventricular stress and impaired
renal clearance. Furthermore, the observed demographic shifts—specifically the higher age and lower BMI in the
patient group—highlight the systemic "catabolic wasting"” and metabolic stress associated with chronic kidney disease.
Ultimately, the high statistical significance (P < 0.01) confirms that NT-proBNP is a reliable, albeit sensitive, indicator of
the pathological alterations in the cardio-renal axis.

Recommendations

e Establishment of Local Reference Ranges: Clinicians in Babylon should utilize locally verified thresholds for NT-
proBNP to avoid misinterpreting elevated levels caused by reduced renal clearance.

e Integration of Multi-modal Diagnostics: To resolve the clinical dilemma of "heart failure vs. reduced clearance,"
NT-proBNP results should always be interpreted alongside clinical examinations and imaging like
echocardiography.

e Routine Biomarker Monitoring: Patients with ESRD should undergo regular NT-proBNP screening to facilitate
early detection of cardiovascular complications and improve risk stratification.

e Nutritional Support and Age-Specific Care: Given the lower BMI and higher age of patients, healthcare providers
should prioritize nutritional interventions to combat catabolic wasting and tailor treatments to the
physiological needs of elderly patients.
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