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Received 26 March 2025 on either side of the spine and filter toxins and excess water from the
Received in revised from 15 blood. Similar to other organs in the body, the kidneys are susceptible
May 2025 to injury due to a variety of conditions. The current study included a
Accepted 30 August 2026 hundred individuals on dialysis who were suffering from renal failure.
Their ages ranged from 16 to 70 years old. These patients were enrolled
Keywords: in Al-Sadder Medical City in the governorate of Al-Najaf Al-Ashraf. The
Renal Failure same precautions were also taken on the healthy group, which consisted
Hemodialysis of fifty samples whose ages were roughly equal to those of the dialysis
Oxidative Stress patients. These healthy samples were kept in test tubes designated for
Biochemical Parameters this purpose and were kept at the proper temperature until the required
Glutathione number of samples was completed. According to the current study's

outcomes, dialysis patients had significantly higher levels of oxidative
factors, urea, creatinine, and glucose than did the control group.
Creatinine, Urea, Uric Acid, Fe, and Ferritin levels were higher in
patients than in the control group, but D3 and HGB levels were
significantly lower. Due to patients' impaired kidney function, the
immune response is to blame for this. Regarding GSH, there is no
appreciable distinction between the sick group and the healthy group.
The patients' participation in some treatments is said to be the cause.

Introduction

Renal disease, also known as kidney disease or renal failure, denotes to the impairment or
damage to the kidneys' function. The filtration of wastes, excess fluids, and toxins from the
blood, management of electrolyte balance, and generation of hormones that regulate blood
pressure and promote red blood cell development are all crucial functions of the kidneys
(Gounden et al., 2018; Temirova & Asadova, 2025; Nadagouda, 2025; Ali & Alaubydi, 2025).
There are several types and causes of renal disease, (Chronic Kidney Disease CKD) this
situation progresses over time and is usually caused by conditions like high blood pressure,
diabetes, or other underlying health issues that affect the kidneys' function (Webster et al.,
2017). Acute Kidney Injury (AKI) occurs suddenly and is often caused by severe infections,
dehydration, injury, or certain medications. It is typically reversible if the underlying cause is
treated promptly (Kellum et al., 2021). A genetic condition known as polycystic kidney disease
(PKD) is marked by the development of multiple kidney cysts. Over time, these cysts can cause
kidney damage and impede function (Bergmann et al., 2018). Glomerulonephritis is the
medical term for the inflammation of the glomeruli, which are the small kidney structures in
charge of filtering waste and extra fluid. It may result from autoimmune illnesses, infections,
or other conditions (Test, 2022; Casuscelli et al., 2023; Jasim et al., 2024). The symptoms of
renal disease might vary depending on the underlying cause and the stage of the disease. Kidney
stones are hard deposits that form in the kidneys and can cause excruciating pain and perhaps
restrict the flow of urine. Fatigue, difficulty concentrating, decreased appetite, swelling in the
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legs and ankles, changes in urine production or appearance, and high blood pressure are just a
few of the typical symptoms (Shaker et al., 2022). Renal disease is normally diagnosed using
a combination of physical examination, review of the patient's medical history, blood and urine
tests, imaging procedures (such as an ultrasound or CT scan), and occasionally a kidney biopsy.
The underlying cause and the illness stage affect the types of treatments available for renal
disease. The course of kidney disease can sometimes be slowed down by making lifestyle
adjustments, taking medications, and controlling underlying disorders like diabetes or high
blood pressure. It's crucial for people with renal disease to collaborate closely with medical
professionals, including nephrologists (kidney specialists), to manage their condition
effectively and maintain their general health. Renal disease can progress to the point where
dialysis or kidney transplantation may be required (Cheung et al., 2021; Nishio Lucar et al.,
2024; Hernandez & Caballero, 2023; Zitzmann, 2024). (AKI) and (CKD) are two distinct
conditions that affect the kidneys, but they differ in terms of their onset, duration, and
underlying causes. Here are the primary differences between AKI and CKD, AKI develops
suddenly and is characterized by an express drop in kidney function over a short period, usually
within hours to days. AKI can be reversible if the underlying cause is identified and treated
promptly (Roberts et al., 2018). CKD develops gradually over months or years. It is a chronic
circumstance that entails a gradual decline in kidney function, and may eventually lead to
kidney failure. CKD is typically irreversible, but its progression can be slowed down through
appropriate management (Li et al., 2019; Pethd et al., 2024; Romagnani et al., 2025; Maringhini
& Zoccali, 2024). AKI is commonly caused by factors such as severe dehydration, blood loss,
infections, medication toxicity (e.g., certain antibiotics or nonsteroidal anti-inflammatory
drugs), blockages in the urinary tract, or underlying conditions that affect kidney function, such
as heart failure or liver disease. CKD is frequently brought on by underlying medical disorders
that, over time, steadily harm the kidneys. Diabetes, hypertension, glomerulonephritis, PKD,
and several autoimmune illnesses are the most typical causes (Centers for Disease Control and
Prevention, 2019; Ahmed et al., 2025; Casuscelli et al., 2023). AKI has the potential to be
reversible if the underlying cause is promptly addressed and the kidneys are given an
opportunity to heal. However, if AKI is severe or left untreated, eventually, CKD may develop.
which is generally considered to be irreversible. While the progression of CKD can be slowed
down and managed with appropriate treatment, the damage to the kidneys is usually permanent.
At advanced stages, CKD may require dialysis or kidney transplantation (Kellum et al., 2021).
there can be some overlap between AKI and CKD. Severe or recurrent episodes of AKI can
contribute to the development or progression of CKD, and individuals with CKD may be at a
higher risk of experiencing episodes of AKI, both AKI and CKD require medical attention and
management by healthcare professionals, particularly nephrologists (kidney specialists), to
optimize kidney function and prevent complications, Glutathione is a powerful antioxidant
found in almost every cell of the body and plays a crucial role in maintaining cellular health
and protecting against oxidative stress, in the context of renal failure, glutathione has been a
subject of interest and research due to its potential implications for kidney health. However,
it's important to note that the relationship between glutathione and renal failure is complex and
multifaceted (Ighodaro & Akinloye, 2018; Mazari et al., 2023; Feng et al., 2023).

It's important to note that glutathione metabolism is complex, and its effects on renal failure
may be influenced by various factors, including the underlying cause of renal failure, disease
stage, individual variations, and other comorbidities (Ighodaro & Akinloye, 2018). important
to note that the management of vitamin D deficiency in renal failure requires careful monitoring
and individualized treatment plans. The dosage and type of vitamin D supplementation may
vary based on the patient's specific condition and stage of renal failure. Nephrologists or
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healthcare professionals familiar with the patient's medical history are best equipped to provide
appropriate guidance regarding vitamin D supplementation in renal failure (MacLaughlin et
al., 2022).

Urea and creatinine are two important markers used to assess kidney function and diagnose
renal failure. Elevated blood urea levels, known as blood urea nitrogen (BUN), are commonly
used as an indicator of renal function (Al Jameil, 2019; Zhang et al., 2022; Macedo, 2011).
Higher BUN levels indicate reduced kidney function or impaired clearance of urea, which can
be seen in acute or chronic renal failure. Like urea, creatinine is filtered by the kidneys and
excreted in urine. Creatinine levels in the blood are also used as an important marker of kidney
function. In renal failure, the kidneys are unable to effectively filter and excrete creatinine,
resulting in elevated blood levels. Serum creatinine levels are closely monitored to assess the
severity of renal failure and to evaluate the progression of kidney disease (Temilola et al., 2019;
Spanaus et al., 2010; Baumgarten & Gehr, 2011).

Red blood cells include a protein called hemoglobin, which transports oxygen from the lungs
to the tissues and removes carbon dioxide from the tissues. Renal failure frequently leads to
anemia, which is indicated by a reduction in hemoglobin levels or the quantity of red blood
cells (Badura et al., 2024; Santos et al., 2025). Erythropoietin, a hormone that stimulates the
synthesis of red blood cells in the bone marrow, may not be produced by the kidneys in
sufficient amounts in cases of renal failure. Additionally, impaired renal function can result in
the buildup of uremic toxins, which can harm red blood cell survival and formation. Renal
anemia or anemia of chronic kidney disease (CKD) are terms frequently used to describe
anemia in renal failure. Erythropoietin, which is predominantly made by the kidneys, is
essential for controlling the synthesis of red blood cells. Reduced kidney function in renal
failure can cause insufficient EPO production, which in turn results in less stimulation of the
bone marrow to create red blood cells. Lower Hb levels result from this, which helps anemia
develop (Li et al., 2019).

Methods

One hundred dialysis patients with renal failure were enrolled in the current study. They were
between the ages of 16 and 70. These patients were registered in Al-Sadder Medical City in the
Al-Najaf Al-Ashraf governorate. Fifty people participated as a control group their ages
asymptotic to the patients. A serum tube was filled with around 3.5 mL. After being allowed
to clot for 10 minutes at room temperature, the serum was separated with a centrifuge at 3000
Xg for 10 minutes, and then the sample was put into brand-new disposable tubes and frozen at
(-70 C) until it could be analyzed, At this investigation, in addition, the following kits were
utilized in this investigation kit-Ichroma II Kit for Vitamin D in addition to S Creatinine, B.
Urea, Uric Acid which is determined by using a spectrophotometer

Statistical analysis

Following biochemical examination, data were compiled and statistical calculations were
performed on them using statistical software (Megastat). It was possible to obtain the mean,
standard deviation of the mean, and F-distribution test. We utilized Microsoft Excel (2016),
SPSS 23, and Minitab v. 14 to analyze the data. The critical value or test of probability less
than 0.05 (p 0.05) was considered significant in addition, and if the probability less than 0.001
(p 0.001) was regarded as extremely significant as well Al-Zurfi et al. (2016) and Auda et al.
(2021).
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Results and Discussion

According to the results of the current study, D3 and HGB significantly decreased (P value <
0.001), whereas all other parameters creatinine, urea, uric acid, iron, and ferritin significantly
increased (P value < 0.001). however, the same outcome in Table (1) demonstrates that there
has been no discernible change in the amount of GSH in patients with renal disease as compared
to control groups.

Table 1. result of limits for patients with renal disease and their control

Patients Control
Parameters Mean SD Mean SD T Test
S Creatinine mg/dl 8.9 3.21 1.35 0.42 0.001
B. Urea mg/dl 165.66 58.03 34.05 19.35 0.001
Uric Acid mg/dl 11.9 5.61 6.93 1.31 0.001
D3 ng/ml 14.67 6.05 3341 19.74 0.001
GSH mmol/I 5.55 1.42 542 0.66 0.556
Fe pg/dl 80.83 36.69 47.72 19.42 0.001
Ferritin ng/ml 475.55 169.79 260.95 95.8 0.001
HGB g/dl 10.17 2.24 13.36 0.82 0.001

Renal disease can have significant effects on various markers in the body, including urea,
creatinine, uric acid, and hemoglobin (Hb).

Healthy kidneys filter urea out of the bloodstream and excrete it in the urine. In renal disease,
the kidney's ability to filter urea decreases, leading to high levels of urea in the blood, a state
known as uremia or azotemia. Elevated blood urea levels are commonly seen in renal
dysfunction in renal disease, the kidneys' filtration function is impaired, resulting in decreased
clearance of creatinine. Consequently, the blood levels of creatinine rise. Elevated creatinine
levels are an important marker of impaired kidney function and are commonly used to assess
renal disease severity.

the kidneys may struggle to excrete uric acid efficiently, leading to increased levels in the
blood. Elevated levels of uric acid can contribute to the development of conditions like gout
and kidney stones (Auda et al., 2021).

KIDNEY FUNCTION

B Mean ESD

1.31
3.21 58.03 0.42 19.35
6.93
1.35
8.9 165.66 34.05
PATIENTS S PATIENTS CONTROL $ CONTROL PATIENTS URIC CONTROL URIC
CREATININE B.UREA MG/DL  CREATININE B.UREA MG/DL ACID MG/DL  ACID MG/DL
MG/DL MG/DL
Figure 1. shows the kidney function in patients with renal failure
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The protein called hemoglobin is in charge of transporting oxygen in red blood cells. A
hormone required for the generation of red blood cells, erythropoietin, may be less produced
by the kidneys in late renal failure. Consequently, the reduced production of red blood cells
can lead to anemia, characterized by decreased hemoglobin levels.

Renal disease can have an impact on iron levels and ferritin, which is a protein that stores iron
in the body the kidneys play a crucial role in regulating iron homeostasis by producing and
releasing a hormone called hepcidin which helps control the absorption, release, and
distribution of iron in the body. In (CKD), there is often a decrease in hepcidin production,
leading to alterations in iron metabolism. Some forms of renal disease, particularly those
associated with inflammation or chronic blood loss in the gastrointestinal tract or dialysis, can
lead to iron deficiency. The kidneys may have a reduced capacity to reabsorb iron, leading to
increased iron loss in the urine. Additionally, decreased production of erythropoietin by the
kidneys can result in impaired red blood cell production, contributing to iron deficiency anemia
(Auda et al., 2021).

On the other hand, individuals with advanced stages of CKD who are receiving regular blood
transfusions or undergoing frequent hemodialysis may accumulate excess iron in their bodies.
This occurs due to repeated transfusions or the breakdown of red blood cells during dialysis.
Iron overload can lead to complications such as organ damage, particularly in the liver, heart,
and endocrine system.

ferritin levels can be influenced by multiple factors. In cases of iron deficiency, ferritin levels
may be low, reflecting depleted iron stores. However, in situations of iron overload, ferritin
levels can be elevated (Ali et al., 2021).

IRON STATUS

B Mean mSD

PATIENTS FE PATIENTS PATIENTS HGB CONTROL FE CONTROL CONTROL HGB
MG/DL FERRTIN NG/ML G/DL MG/DL FERRTIN NG/ML G/DL

Figure 2. refers to the level of Iron Status in renal failure patients

Renal disease can have an impact on iron and ferritin levels, as well as vitamin D3
(cholecalciferol) metabolism, the kidneys converting inactive vitamin D (cholecalciferol) into
its active form, known as calcitriol or vitamin D3. In renal disease, the kidneys may not be able
to convert vitamin D effectively, leading to reduced levels of active vitamin D in the body.

The kidneys also play a role in controlling the body's calcium and phosphorus levels, which is
crucial for preserving bone health. Active V.D. helps in the absorption of calcium from the
intestines and promotes its reabsorption in the kidneys. In renal disease, impaired vitamin D
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activation can disrupt calcium and phosphorus metabolism, leading to abnormalities such as
hyperparathyroidism and renal Osteodystrophy. iron, ferritin, and vitamin D3 can vary
depending on the stage and type of renal disease. additionally, individual variations,
comorbidities, and treatments can also influence these parameters. Regular monitoring and
consultation with a healthcare professional are vital for managing renal disease and interpreting
these laboratory results accurately (Ali et al., 2021). Renal disease can affect the levels of
glutathione (GSH) in the body. Strong antioxidant glutathione is essential for preventing
oxidative stress in cells and preserving cellular health. Increased oxidative stress is related to
chronic kidney disease (CKD). When there is an imbalance between the body's capacity to
neutralize and eliminate damaging reactive oxygen species (ROS) and their rate of generation,
oxidative stress is brought on. ROS can be produced in renal disease as a result of inflammation,
ischemia-reperfusion damage, and the buildup of toxic waste products. As a result, glutathione
and other antioxidants are increasingly needed to prevent oxidative damage (Ali et al., 2020).
In the setting of renal disease, the increased oxidative stress can lead to the depletion of
glutathione. The excessive production and accumulation of ROS can overwhelm the body's
antioxidant defense systems, including glutathione. Additionally, impaired kidney function can
affect the synthesis and recycling of glutathione, further contributing to its depletion.

Renal disease can compromise the overall antioxidant capacity of the body. Glutathione works
in conjunction with other antioxidants to neutralize ROS and protect against oxidative damage.
However, in renal disease, the balance between antioxidants and pro-oxidants may be
disrupted, leading to reduced antioxidant capacity. This imbalance can further perpetuate
oxidative stress and contribute to the progression of renal damage (Ali et al., 2020).

It's vital to annotation that the specific effects on GSH levels in renal disease can vary
depending on various factors such as disease severity, underlying causes, and individual
variations. Management of renal disease often involves strategies to mitigate oxidative stress
and support antioxidant defenses. This may include dietary interventions, antioxidant
supplementation, and targeted therapies aimed at preserving GSH levels and reducing oxidative
damage. Consulting with a healthcare professional knowledgeable in renal disease
management is essential for personalized guidance and treatment (Ali et al., 2020).

D3& GSH

B Mean ESD

PATIENTS D3 NG/ML PATIENTS GSH MMOL/L CONTROL D3 NG/ML CONTROL GSH MMOL/L

Figure 3. refers to the level of D3 & GSH in renal failure patients
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Conclusion

A significant increase in the level of Creatinine, Urea, Uric Acid, Fe, and Ferritin in patients
when compared with their results with the control group, with a significant decrease in D3 and
HGB the reason for this is due to the immune response, in Patients due to the insufficiency of
the kidneys. As for GSH, there is no significant difference in patients compared to the healthy
group. The reason is attributed to the patients taking some treatments.

References

Ahmed, K., Dubey, M. K., Dubey, S., & Pandey, D. K. (2025). Chronic kidney disease: Causes,
treatment, management, and future scope. In Computational intelligence for genomics
data (pp. 99-111). Academic Press. https://doi.org/10.1016/B978-0-443-30080-
6.00010-9

Al Jameil, N. (2019). Assessment of blood urea nitrogen (BUN) and creatinine as biochemical
markers in chronic kidney disease and end stage renal disease patients undergoing
hemodialysis. Saudi J Med, 4, 97-102.

Ali, B. M., Alassadi, P., Igbal, J., Zearah, A. P., & Ahmed, S. (2020). Study the effect of
antioxidants and oxidative products and their genetic effect on methionine synthase in
people with autism spectrum disorder. Proff. Sameerah Ahmed, Study the Effect of
Antioxidants and Oxidative Products and Their Genetic Effect on Methionine

Synthase in People with Autism Spectrum Disorder.
https://doi.org/10.31033/ijrasb.6.6.2

Ali, B. M., Moein, F., Al-Andaleb, M., Hussein, Z., Abidali, M. K., & Dhyaa, S. (2021). Study
of some factors affecting in myocardial infarction. Annals of the Romanian Society for
Cell Biology, 25(6), 14454—-14459.

Ali, L. B. M., Alasadi, L. J. B., & Zearah, S. A. (2020). Determination of some biomarkers that
affect in behaviors of autism spectrum disorder individuals in Iraq. Indian Journal of
Forensic Medicine & Toxicology, 14(2), 1681-1686.

Ali, S. N, & Alaubydi, M. A. (2025, August). Blood electrolyte levels and renal functions in
the regulation of blood pressure. In AIP Conference Proceedings (Vol. 3321, No. 1,
p. 030012). AIP Publishing LLC.

Al-Zurfi, S. K., Ali, B. M., Abojassim, A. A., Albanon, R. A., & Qazmooz, H. A. (2016).
Determination of some heavy metals in the blood and milk of nursing mothers: A

comparative study between Wasit and Najaf provinces. Rasayan Journal of
Chemistry, 9(3), 405-412.

Auda, F. M., Ali, B. M., Al-Andaleb, M., Abidali, M. K., & Dhyaa, S. (2021). Estimation of
hepcidin and sexual hormones levels in patients with atherosclerosis in Al-Najaf City,
Iraq. Indian Journal of Forensic Medicine &  Toxicology, 15(3).
https://doi.org/10.37506/ijfmt.v15i3.16264

Badura, K., Janc, J., Wasik, J., Gnitecki, S., Skwira, S., Mtynarska, E., ... & Franczyk, B.
(2024). Anemia of chronic kidney disease—a narrative review of its pathophysiology,
diagnosis, and management. Biomedicines, 12(6), 1191.
https://doi.org/10.3390/biomedicines 12061191

Baumgarten, M., & Gehr, T. (2011). Chronic kidney disease: detection and
evaluation. American family physician, 84(10), 1138-1148.

259
ISSN 2721-1304 (Print), ISSN 2721-1207 (online)
Copyright © 2025, Journal La Lifesci, Under the license CC BY-SA 4.0


https://doi.org/10.1016/B978-0-443-30080-6.00010-9
https://doi.org/10.1016/B978-0-443-30080-6.00010-9
https://doi.org/10.31033/ijrasb.6.6.2
https://doi.org/10.37506/ijfmt.v15i3.16264
https://doi.org/10.3390/biomedicines12061191

Bergmann, C., Guay-Woodford, L. M., Harris, P. C., Horie, S., Peters, D. J., & Torres, V. E.
(2018). Polycystic kidney disease. Nature Reviews Disease Primers, 4(1), 50.
https://doi.org/10.1038/s41572-018-0047-y

Casuscelli, C., Longhitano, E., Maressa, V., Di Carlo, S., Peritore, L., Di Lorenzo, S., ... &
Santoro, D. (2023). Autoimmunity and infection in  glomerular
disease. Microorganisms, 11(9), 2227.
https://doi.org/10.3390/microorganisms11092227

Casuscelli, C., Longhitano, E., Maressa, V., Di Carlo, S., Peritore, L., Di Lorenzo, S., ... &
Santoro, D. (2023). Autoimmunity and infection in  glomerular
disease. Microorganisms, 11(9), 2227.
https://doi.org/10.3390/microorganisms11092227

Centers for Disease Control and Prevention. (2019). Chronic kidney disease in the United
States, 2019. U.S. Department of Health and Human Services, Centers for Disease
Control and Prevention.

Cheung, A. K., Chang, T. 1., Cushman, W. C., Furth, S. L., Hou, F. F., Ix, J. H., & Mann, J. F.
(2021). Executive summary of the KDIGO 2021 clinical practice guideline for the

management of blood pressure in chronic kidney disease. Kidney International, 99(3),
559-569. https://doi.org/10.1016/].kint.2020.10.026

Feng, Q., Yang, Y., Ren, K., Qiao, Y., Sun, Z., Pan, S., ... & Liu, Z. (2023). Broadening
horizons: the multifaceted functions of ferroptosis in kidney diseases. International
Journal of Biological Sciences, 19(12), 3726. https://doi.org/10.7150/ijbs.85674

Gounden, V., Bhatt, H., & Jialal, I. (2018). Renal function tests.

Hernandez, D., & Caballero, A. (2023). Kidney transplant in the next decade: Strategies,
challenges and vision of the future. Nefrologia (English Edition), 43(3), 281-292.
https://doi.org/10.1016/].nefroe.2022.04.008

Ighodaro, O. M., & Akinloye, O. A. (2018). First line defence antioxidants—Superoxide
dismutase (SOD), catalase (CAT) and glutathione peroxidase (GPX): Their
fundamental role in the entire antioxidant defence grid. Alexandria Journal of
Medicine, 54(4), 287-293. https://doi.org/10.1016/j.ajme.2017.09.001

Jasim, Z. M., Shemran, K. A., & Al-Mansouri, N. A. (2024). Comprehensive insights into
glomerulonephritis and interstitial nephritis: Mechanisms, diagnosis, and
management. Journal of University of Babylon for Pure and Applied Sciences, 32(2),
1-10. https://doi.org/10.29196/jubpas.v32i2.5258

Kellum, J. A., Romagnani, P., Ashuntantang, G., Ronco, C., Zarbock, A., & Anders, H. J.
(2021). Acute kidney injury. Nature Reviews Disease Primers, 7(1), 52.
https://doi.org/10.1038/s41572-021-00284-z

Li, J. H., Luo, J. F., Jiang, Y., Ma, Y. J,, Ji, Y. Q., Zhu, G. L., & Zhang, H. D. (2019). Red
blood cell lifespan shortening in patients with early-stage chronic kidney disease.
Kidney and Blood Pressure Research, 44(5), 1158-1165.
https://doi.org/10.1159/000502525

Li, S., Wang, S., Priyanka, P., & Kellum, J. A. (2019). Acute kidney injury in critically ill
patients after non-cardiac major surgery: Early versus late onset. Critical Care
Medicine, 47(6), e437. https://doi.org/10.1097/CCM.0000000000003710

260
ISSN 2721-1304 (Print), ISSN 2721-1207 (online)
Copyright © 2025, Journal La Lifesci, Under the license CC BY-SA 4.0


https://doi.org/10.1038/s41572-018-0047-y
https://doi.org/10.3390/microorganisms11092227
https://doi.org/10.3390/microorganisms11092227
https://doi.org/10.1016/j.kint.2020.10.026
https://doi.org/10.7150/ijbs.85674
https://doi.org/10.1016/j.nefroe.2022.04.008
https://doi.org/10.1016/j.ajme.2017.09.001
https://doi.org/10.29196/jubpas.v32i2.5258
https://doi.org/10.1038/s41572-021-00284-z
https://doi.org/10.1159/000502525
https://doi.org/10.1097/CCM.0000000000003710

Macedo, E. (2011). Blood urea nitrogen beyond estimation of renal function. Critical care
medicine, 39(2), 405-406. https://doi.org/10.1097/ccm.0b013e318205¢c33a

MacLaughlin, H. L., Friedman, A. N., & Ikizler, T. A. (2022). Nutrition in kidney disease:
Core curriculum 2022. American Journal of Kidney Diseases, 79(3), 437-449.
https://doi.org/10.1053/j.ajkd.2021.05.024

Maringhini, S., & Zoccali, C. (2024). Chronic kidney disease progression—A
challenge. Biomedicines, 12(10), 2203.
https://doi.org/10.3390/biomedicines12102203

Mazari, A. M., Zhang, L., Ye, Z. W., Zhang, J., Tew, K. D., & Townsend, D. M. (2023). The
multifaceted  role  of  glutathione  S-transferases in  health  and
disease. Biomolecules, 13(4), 688. https://doi.org/10.3390/biom 13040688

Nadagouda, V. G. (2025). Kidney Hormones and Hypertension. Hypertension: Known & Less
Known Facts, 114.

Nishio Lucar, A. G., Patel, A., Mehta, S., Yadav, A., Doshi, M., Urbanski, M. A., ... & Parsons,
R. F. (2024). Expanding the access to kidney transplantation: strategies for kidney

transplant programs. Clinical transplantation, 38(5), el5315.
https://doi.org/10.1111/ctr. 15315

Pethd, A. G., Tapolyai, M., Csongradi, E., & Orosz, P. (2024). Management of chronic kidney
disease: The current novel and forgotten therapies. Journal of clinical & translational
endocrinology, 36, 100354. https://doi.org/10.1016/].jcte.2024.100354

Roberts, D. M., Sevastos, J., Carland, J. E., Stocker, S. L., & Lea-Henry, T. N. (2018). Clinical
pharmacokinetics in kidney disease: Application to rational design of dosing
regimens. Clinical Journal of the American Society of Nephrology, 13(8), 1254.
https://doi.org/10.2215/cjn.05150418

Romagnani, P., Agarwal, R., Chan, J. C., Levin, A., Kalyesubula, R., Karam, S., ... & Anders,
H. J. (2025). Chronic kidney disease. Nature reviews Disease primers, 11(1), 8.
https://doi.org/10.1038/s41572-024-00589-9

Santos, S., Lousa, 1., Carvalho, M., Sameiro-Faria, M., Santos-Silva, A., & Belo, L. (2025).
Anemia in elderly patients: contribution of renal aging and chronic kidney
disease. Geriatrics, 10(2), 43. https://doi.org/10.3390/geriatrics 10020043

Shaker, S. A., Ali, B. M., & Audah, F. M. (2022). Estimation the level of zonulin, antioxidant
factors and some biochemical parameters in renal failure patients. International
Journal of Health Sciences, 6(S4), 10761-10772.
https://doi.org/10.53730/ijhs.v6nS4.11681

Spanaus, K. S., Kollerits, B., Ritz, E., Hersberger, M., Kronenberg, F., von Eckardstein, A., &
Mild and Moderate Kidney Disease (MMKD) Study Group. (2010). Serum creatinine,
cystatin C, and B-trace protein in diagnostic staging and predicting progression of
primary nondiabetic chronic kidney disease. Clinical chemistry, 56(5), 740-749.
https://doi.org/10.1373/clinchem.2009.138826

Temilola, D. O., Bezuidenhout, K., Erasmus, R. T., Stephen, L., Davids, M. R., & Holmes, H.
(2019). Salivary creatinine as a diagnostic tool for evaluating patients with chronic
kidney disease. BMC Nephrology, 20, 1-6. https://doi.org/10.1186/s12882-019-1546-
0

261
ISSN 2721-1304 (Print), ISSN 2721-1207 (online)
Copyright © 2025, Journal La Lifesci, Under the license CC BY-SA 4.0


https://doi.org/10.1097/ccm.0b013e318205c33a
https://doi.org/10.1053/j.ajkd.2021.05.024
https://doi.org/10.3390/biomedicines12102203
https://doi.org/10.3390/biom13040688
https://doi.org/10.1111/ctr.15315
https://doi.org/10.1016/j.jcte.2024.100354
https://doi.org/10.2215/cjn.05150418
https://doi.org/10.1038/s41572-024-00589-9
https://doi.org/10.3390/geriatrics10020043
https://doi.org/10.53730/ijhs.v6nS4.11681
https://doi.org/10.1373/clinchem.2009.138826
https://doi.org/10.1186/s12882-019-1546-0
https://doi.org/10.1186/s12882-019-1546-0

Temirova, N., & Asadova, F. (2025). The role of the kidneys in the regulation of blood
pressure. American Journal of Pediatric Medicine and Health Sciences, 3(1), 253-
257.

Test, K. F. (2022). Dldar Salih Ismahil [Doctoral dissertation, Polytechnic University].

Webster, A. C., Nagler, E. V., Morton, R. L., & Masson, P. (2017). Chronic kidney disease.
The Lancet, 389(10075), 1238—1252. https://doi.org/10.1016/s0140-6736(16)32064-
5

Zhang, J., Zhou, L., & Zhang, Y. (2022). Diagnostic values of blood urea nitrogen (bun),
creatinine (cr), and the ratio of bun to cr for distinguishing heart failure from asthma

and chronic obstructive pulmonary disease. Computational and Mathematical
Methods in Medicine, 2022(1), 4586458. https://doi.org/10.1155/2022/4586458

Zitzmann, M. (2024). Testosterone deficiency and chronic kidney disease. Journal of clinical
& translational endocrinology, 37, 100365.
https://doi.org/10.1016/].jcte.2024.100365

262
ISSN 2721-1304 (Print), ISSN 2721-1207 (online)
Copyright © 2025, Journal La Lifesci, Under the license CC BY-SA 4.0


https://doi.org/10.1016/s0140-6736(16)32064-5
https://doi.org/10.1016/s0140-6736(16)32064-5
https://doi.org/10.1155/2022/4586458
https://doi.org/10.1016/j.jcte.2024.100365

