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Abstract 

This study aimed to assess various blood components and electrolyte levels in patients with chronic kidney disease 
(CKD). Hematopathological parameters, including renal and liver function tests, electrolytes, calcium, phosphate, and 
vitamin D3, were measured and compared with those in healthy controls. A hospital-based comparative study was 
conducted with 40 patients diagnosed with (CKD), who exhibited anemia, liver abnormalities, and abnormal electrolyte 
and vitamin D3 levels. These patients were compared to 20 healthy control subjects without (CKD). Key parameters 
such as hemoglobin, serum iron, renal and liver function, calcium, phosphate, and vitamin D3 were analyzed across both 
groups. Hemoglobin levels, Total Iron Binding Capacity (TIBC), and serum iron were significantly lower in (CKD) 
patients compared to healthy controls (p < 0.05). Patients also had elevated levels of liver function markers (GOT, GPT, 
and ALP) and renal function markers (urea and creatinine) relative to healthy controls (p < 0.05). Additionally, calcium 
and vitamin D3 levels were lower, while phosphate levels were higher in patients than in controls (p < 0.05).Conclusions 
Patients exhibited significant anemia, notably lower hemoglobin levels, serum iron, calcium, and vitamin D3 levels. In 
contrast, levels of urea, creatinine, and phosphate (ALP, GOT, and GPT) were significantly elevated. This indicates that 
(CKD) is associated with distinct hematological and biochemical imbalances. 
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1. Introduction

According to the World Health Organization (WHO), anemia is defined as a hemoglobin concentration below 13 g/dL 
for adult males and below 12 g/dL for adult females (1). Chronic kidney disease (CKD) frequently presents with iron-
deficiency anemia (2). Several factors contribute to anemia in this population, including relative erythropoietin 
deficiency, both absolute and functional iron deficiency, impaired hepcidin clearance, shortened erythrocyte lifespan, 
and nutritional deficiencies (such as folic acid and vitamin B12). Patients with CKD stage G5 on hemodialysis (HD) 
experience additional iron loss, up to 3 grams per year, due to chronic bleeding, recurrent phlebotomy, and blood loss 
during dialysis and through access lines (3). as well as accelerated development of end-stage renal disease (ESRD) 
caused by anemia (4). When the kidneys fail to function, the production of erythropoietin (EPO) is significantly reduced. 
This, in turn, reduces the number of red blood cells produced by the bone marrow, leading to anemia. Consequently, the 
blood, with its reduced red blood cell count, deprives the body of oxygen (5). 

In healthy individuals, the senescent erythrocytes are recycled iron from them and carried into the bone marrow via 
the reticuloendothelial system, which is integrated into erythroblasts (6). Recompensed daily loss is maintained. 
Normal iron homeostasis occurs through dietary iron absorption by the duodenum (7). Anemia is due to increased 
blood losses, mainly in dialysis-dependent patients (8). 
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Markers of liver cell damage, such as serum levels of the liver enzymes alanine aminotransferase (ALT) and aspartate 
aminotransferase (AST), are indicative of hepatocyte injury (9). These enzymes are elevated in various conditions, such 
as chronic viral hepatitis (10), non-alcoholic fatty liver disease (11), autoimmune hepatitis (12), hemochromatosis 13, 
and alcoholic liver disease (13). They reflect inflammatory activity in the liver parenchyma, serving as a basis for 
diagnosis, patient monitoring, and assessing response to treatment by these enzymes [(14),(15),(16)]. Interestingly, 
some research has shown that patients with chronic kidney disease (CKD) on hemodialysis (HD) may have lower serum 
levels of liver enzymes compared to those with normal renal function, though the underlying causes remain unclear 
(17),(18). 

As well liver dysfunction and kidney failure associated with plasma ALP levels can start in the liver, bone, intestine, and 
placenta. Most of the circulating enzyme levels are commonly contributed by the isoenzymes from the liver and bone. 
However, a significant increase in the bone isoenzyme of ALP produced from renal osteodystrophy in a chronic kidney 
disease patient results in a high serum ALP level. In truth, increased mortality in pediatric chronic kidney disease 
patients, as well as patients on maintenance hemodialysis, is associated with higher ALP(19). 

Because ALP is related to liver problems, it is also related to bone problems. Thus, we will discuss some minerals that 
are linked to bone disorders in chronic kidney disease. In aging, atherosclerosis, hypertension, and diabetes, increased 
vessel stiffening, and an increased danger of myocardial infarction lead to prevalent vascular calcification. Its most 
damaging effects happen in patients with chronic kidney disease (CKD), who are seen as a greatly raised threat of 
cardiovascular mortality when compared with age-matched controls. CKD patients have accelerated calcification, and 
this calcification in patients on dialysis more quickly (20). In people with chronic kidney disease who have bone disease, 
the chance of losing kidney function increases. In infamous cases, phosphorus homeostasis is contributed to by bone 
(21). 

Beginning in the early stages of CKD, the action causes unregulated mineral metabolism, bone disease, and progressive 
loss of kidney function, which continues throughout this course. The numerous therapeutic approaches just now used 
may be influenced beneficially or adversely. So, improving CKD patients' quality of life and longevity is most important; 
therefore, barring disturbances in mineral and bone metabolism and their management early in chronic kidney disease 
(22). 

In patients living in northern communities, limited daylight exposure and poor vitamin D intake lead to a high risk of 
vitamin D insufficiency (23). There is proof that vitamin D (vit D) insufficiency is an independent risk factor for diabetes 
in adults, and this disease is also related to kidney failure (24). As a result, when kidney problems occur, the level of D3 
decreases. 

2. Material and Methods  

2.1. The research was started with permission from the Institutional Ethics Committee.  

Blood and serum samples were also collected from people (male and female) with chronic kidney disease. To control 
the group of healthy people who attended the dialysis center. A total of 60 cases were included in the study, The control 
group was obtained from 20 samples, and 40 were patients. Following the iron state (hemoglobin and iron) were 
measured by a hematology analyzer (CBC), kidney markers (urea and creatinine) and liver markers (GOT and GPT, ALT), 
as well as calcium and phosphor, were measured by using a spectrophotometer. Elisa Kit measured D3. Total iron 
binding capacity (TIBC), serum iron, and serum ferritin were measured in the biochemistry lab using a specific kit for 
each one. 

2.2. Statistical analysis 

Statistical analyses of all results were done with the help of GraphPad Prism Version 5 software statistical package using 
a t-test (with a p-value at a level of significance less than 0.05) to compare the values of the results between groups. 
Result values were indicated as mean ± SE, number of patients, or percentage. 

3. Results           

Our current study includes 60 cases, 40 of whom have chronic kidney disease (CKD) and are undergoing continuous 
dialysis. At the same time, the remaining 20 are healthy and serve as the control group. 
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We observed significant differences in mean hemoglobin levels (p<0.05) between patients with CKD (9.278 ± 0.2132) 
and the control group (13.36 ± 0.1636), as shown in Figure 1. 

 

Figure 1 The hemoglobin level in CKD patients compared to healthy individuals 

Additionally, the results indicated a significant decrease in iron levels (p<0.05) in CKD patients (71.52 ± 17.89) 
compared to the control group (161.4 ± 1.814), as shown in Figure 2. 

 

Figure 2 The iron levels in CKD patients compared to healthy individuals 

Significant mean differences were showed in several hematological and biochemical markers, such as creatinine, urea, 
calcium, phosphorus, vitamin D3, ALP, UIBC, and TIBC. In addition, there was a slight but significant increase in GOT 
and GPT levels as shown in Table 1. 
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The result showed a significant increase (p<0.05) in UIBC in patients with CKD (541.6 ± 14.39) when compared with 
the control group (121.7 ± 10.28). At the same time showed a significant increase (p<0.05) in TIBC in patients with CKD 
(701.3 ± 53.45) when compared with the control group (302.3 ± 16.21). 

In the present series Table 1 , patients with CKD showed a significant increase in ALP levels (295.4 ± 28.18) compared 
to the control group (161.7 ± 8.905), with (p<0.05). 

The results showed a significant decrease in calcium levels in patients with CKD (7.93 ± 0.29) compared to the control 
group (11.30 ± 0.33), with (p<0.05). In this series, phosphorus in patients with chronic kidney disease (CKD) increased 
significantly (p<0.05) to 6.714 ± 0.3363, compared to 4.050 ± 0.1235 in the control group.  

The present study demonstrated a significant decrease in vitamin D3 levels in patients with CKD (14.72 ± 1.49) 
compared to the control group (37.10 ± 1.07), with (p<0.05). 

Urea level was present in 40 patients with CKD, a significant increase (p<0.05) (167.6 ± 5.736) compared with the 
control group (26.90 ± 1.709).  

The creatinine levels in CKD patients were found to be significantly higher (p<0.05) at 9.371 ± 0.3354 than in the control 
group (0.7511 ± 0.05337). 

The result showed a significant slight increase (p<0.05) in GOT level with CKD patients (42 ± 2.104) when compared 
with the control group (19.27 ± 1.9543). Similarly, GPT levels showed in CKD were noted to have statistical significance 
(p<0.05). a (40.00 ± 3.015 ) when compared with the control group (21.39 ± 2.518). 

Table 1 Descriptive statistics of various hematological and biochemical parameters in CKD patients. 

Dependent 
variable 

Group Nember Mean Stander error P.value 

hemoglobin Patient 

Control 

40 

20 

9.278 

13.36 

± 0.2132 

± 0.1636 

0.05 

Iron Patient 

Control 

40 

20 

71.52 

161.4 

± 17.89 

± 1.814 

0.05 

UIBC 

 

Patient 

Control 

40 

20 

541.6 

121.7 

 ± 14.39 

± 10.28 

0.05 

TIBC Patient 

Control 

40 

20 

701.3 

302.3  

± 53.45 

± 16.21 

0.05 

GOT 

 

Patient 

Control 

40 

20 

42 

19.27 

± 2.104 

± 1.9543 

0.05 

GPT Patient 

Control 

40 

20 

40.00  

21.39 

± 3.015 

± 2.518 

0.05 

ALP Patient 

Control 

40 

20 

295.4 

161.7 

± 28.18 

± 8.905 

0.05 

calcium Patient 

Control 

40 

20 

7.934 

11.30 

± 0.2944 

± 0.3253 

0.05 

phosphor Patient 

Control 

40 

20 

6.714 

4.050 

± 0.3363 

± 0.1235 

0.05 

D3 Patient 

Control 

40 

20 

14.72 

37.10 

± 1.488 

± 1.068 

0.05 

urea Patient 40 167.6 ± 5.736 0.05 
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Control 20 26.90  ± 1.709 

creatinine 

 

Patient 

Control 

40 

20 

9.371 

0.7511  

± 0.3354 

± 0.05337 

0.05 

4. Discussion 

Chronic kidney disease (CKD) is commonly complicated by anemia, which is associated with increased mortality and a 
reduced health-related quality of life.A decrease in hemoglobin means anemia is characterized by the body's use of iron-
rich proteins for oxygen transport. Iron is wanted to produce hemoglobin, and iron deficiency Anemia happens through 
disruptions in iron homeostasis(25). This happens when patients lower their protein intake because of declining kidney 
function. Iron stores deplete when decreasing protein (e.g., meat) intake assists to reduced iron intake. Also, there may 
be a decrease in iron absorption from the gastrointestinal tract. so, inadequate total body iron stores result from 
multiple factors in patients with chronic renal failure, known as absolute iron deficiency (26). 

Serum iron, transferrin (Tf), total iron-binding capacity (TIBC, calculated as Tf × 1389), transferrin saturation (TSAT, 
calculated as serum iron/total iron-binding capacity × 100), and serum ferritin are traditionally used to assess iron 
status and detect iron deficiency anemia (IDA) (27). 

The mechanisms of anemia in (CKD) are multifactorial. The primary factor is the progressive reduction of endogenous 
erythropoietin (EPO) levels. Other contributing factors include absolute iron deficiency due to blood loss or impaired 
iron absorption, systemic inflammation caused by CKD and related comorbidities, a diminished bone marrow response 
to EPO due to uremic toxins, impaired utilization of iron stores caused by elevated hepcidin levels, reduced red blood 
cell lifespan, and deficiencies in vitamin B12 or folic acid. Together, these factors contribute to anemia in CKD patients 
(28) 

In patients with CKD, we presented a decrease in iron status in our study, which was accepted by other studies. 

Chronic liver disease is linked with kidney disease and has a remarkable impact on survival. Injury relies on the 
measurement of the concentration of serum creatinine, the evaluation of kidney function, which is affected by the level 
of liver disease, and the analytical method working (29) 

Patients with acute liver failure (ALF) with or without chronic liver disease (CLD) are often current with linked AKI 
resulting from pathogenic processes different from those of HRS-1. The term HRS-2 has been used to mention 
hepatorenal physiology-mediated kidney dysfunction that is additional stealthy, chronic, or persistent. The ALT serum 
levels were higher in patients with CKD undergoing peritoneal dialysis than those on hemodialysis (30). 

In patients with CKD, we showed a little increase in liver function tests; other studies accept this. Increased danger of 
end-stage renal disease was associated with higher levels of serum phosphorus in our great, ethnically various 
inhabitants of a topic who had kidney function (30). 

The requirement for a stable state makes it difficult to perform formal balance studies in dialysis patients, as dialysis 
prevents a true steady state from being achieved for calcium. This disrupts calcium balance continually and may lead to 
fluctuations in soft tissue and bone mineral content. Another key principle in calcium balance studies is the need for 
strictly controlled dietary intake and highly accurate measurements of all inputs and outputs (31) 

In our study, there was a decrease in calcium and phosphorus levels in patients with CKD because the irregularity in 
kidney function led to an abnormal mineral level. 

5. Conclusion 

This study demonstrated significant changes in hematological and biochemical markers among CKD patients on dialysis, 
including anemia, altered iron status, and disturbances in mineral and liver function. These findings underscore the 
need for regular monitoring to improve patient care and outcomes. 



World Journal of Advanced Research and Reviews, 2025, 27(02), 501-507 

506 

Compliance with ethical standards 

Disclosure of conflict of interest 

All authors declare that they have no conflict of interest.  

Statement of informed consent 

Informed consent was obtained from all individual participants included in the study. 

References 

[1] Addo OY, Emma XY, Williams AM, Young MF, Sharma AJ, Mei Z, et al. Evaluation of hemoglobin cutoff levels to 
define anemia among healthy individuals. JAMA Netw open. 2021;4(8):e2119123–e2119123.  

[2] Gafter-Gvili A, Schechter A, Rozen-Zvi B. Iron deficiency anemia in chronic kidney disease. Acta Haematol. 
2019;142(1):44–50.  

[3] Sofue T, Nakagawa N, Kanda E, Nagasu H, Matsushita K, Nangaku M, et al. Prevalence of anemia in patients with 
chronic kidney disease in Japan: A nationwide, cross-sectional cohort study using data from the Japan Chronic 
Kidney Disease Database (J-CKD-DB). PLoS One. 2020;15(7):e0236132.  

[4] Babitt JL, Lin HY. Mechanisms of anemia in CKD. J Am Soc Nephrol. 2012;23(10):1631–4.  

[5] Tanaka T, Nangaku M. Recent advances and clinical application of erythropoietin and erythropoiesis-stimulating 
agents. Exp Cell Res. 2012;318(9):1068–73.  

[6] Katsarou A, Pantopoulos K. Basics and principles of cellular and systemic iron homeostasis. Mol Aspects Med. 
2020;75:100866.  

[7] Li X, Kshirsagar A V, Brookhart MA. Safety of intravenous iron in hemodialysis patients. Hemodial Int. 
2017;21:S93–103.  

[8] Arguelles IDS, Pinzón IAS, Jiménez ER, Garcés JPS, Marí RR. Approach to the patient with abnormal liver 
biochemistry. World J Adv Res Rev. 2024;22(2):1027–36.  

[9] Taiwo OO, Oluremi OS, Ikuejamoye OG, Opeyemi AA, Busola OP, Ayowole AP, et al. Assessment of haematological 
parameter and Liver enzyme among Hepatitis B Infected Blood Donors.  

[10] Ruan S, Yuan X, Liu J, Zhang Q, Ye X. Predictors of High Cardiovascular Risk Among Nonobese Patients with Type 
2 Diabetes and Non-Alcoholic Fatty Liver Disease in a Chinese Population. Diabetes, Metab Syndr Obes. 
2024;493–506.  

[11] Pape S, Snijders RJ, Gevers TJG, Chazouilleres O, Dalekos GN, Hirschfield GM, et al. Systematic review of response 
criteria and endpoints in autoimmune hepatitis by the International Autoimmune Hepatitis Group. J Hepatol. 
2022;76(4):841–9.  

[12] Barton JC, Edwards CQ, Acton RT. HFE hemochromatosis in African Americans: Prevalence estimates of iron 
overload and iron overload-related disease. Am J Med Sci. 2023;365(1):31–6.  

[13] Kim YJ, Jang BK, Kim ES, Park KS, Cho KB, Chung WJ, et al. Rapid normalization of alanine aminotransferase 
predicts viral response during combined peginterferon and ribavirin treatment in chronic hepatitis C patients. 
Korean J Hepatol. 2012;18(1):41.  

[14] Ndrepepa G, Kastrati A. Gamma-glutamyl transferase and cardiovascular disease. Ann Transl Med. 2016;4(24).  

[15] Villela-Nogueira CA, Perez RM, de Segadas Soares JA, Coelho HSM. Gamma-glutamyl transferase (GGT) as an 
independent predictive factor of sustained virologic response in patients with hepatitis C treated with interferon-
alpha and ribavirin. J Clin Gastroenterol. 2005;39(8):728–30.  

[16] de Oliveira Liberato IR, de Almeida Lopes EP, de Mattos Cavalcante MAG, Pinto TC, Moura IF, Júnior LL. Liver 
enzymes in patients with chronic kidney disease undergoing peritoneal dialysis and hemodialysis. Clinics. 
2012;67(2):131–4.  

[17] Feng X, Wen Y, Peng FF, Wang N, Zhan X, Wu X. Association between aminotransferase/alanine aminotransferase 
ratio and cardiovascular disease mortality in patients on peritoneal dialysis: a multi-center retrospective study. 
BMC Nephrol. 2020;21:1–9.  



World Journal of Advanced Research and Reviews, 2025, 27(02), 501-507 

507 

[18] Kovesdy CP, Ureche V, Lu JL, Kalantar-Zadeh K. Outcome predictability of serum alkaline phosphatase in men 
with pre-dialysis CKD. Nephrol Dial Transplant. 2010;25(9):3003–11.  

[19] Bellasi A, Kooienga L, Block GA, Veledar E, Spiegel DM, Raggi P. How long is the warranty period for nil or low 
coronary artery calcium in patients new to hemodialysis. J Nephrol. 2009;22(2):255–62.  

[20] Bajaj T, Sprague SM. Chronic Kidney Disease-Bone and Mineral Disease. In: Complications in Dialysis: A Clinical 
Guide. Springer; 2023. p. 171–201.  

[21] Sim JJ, Bhandari SK, Smith N, Chung J, Liu ILA, Jacobsen SJ, et al. Phosphorus and risk of renal failure in subjects 
with normal renal function. Am J Med. 2013;126(4):311–8.  

[22] Cannata-Andía JB, Martín-Carro B, Martín-Vírgala J, Rodríguez-Carrio J, Bande-Fernández JJ, Alonso-Montes C, et 
al. Chronic kidney disease—mineral and bone disorders: pathogenesis and management. Calcif Tissue Int. 
2021;108:410–22.  

[23] Mager DR, Jackson ST, Hoffmann MR, Jindal K, Senior PA. Vitamin D3 supplementation, bone health and quality 
of life in adults with diabetes and chronic kidney disease: Results of an open label randomized clinical trial. Clin 
Nutr. 2017;36(3):686–96.  

[24] Vieth R, Bischoff-Ferrari H, Boucher BJ, Dawson-Hughes B, Garland CF, Heaney RP, et al. The urgent need to 
recommend an intake of vitamin D that is effective. Vol. 85, The American journal of clinical nutrition. Oxford 
University Press; 2007. p. 649–50.  

[25] Hain D, Bednarski D, Cahill M, Dix A, Foote B, Haras MS, et al. Iron Deficiency Anemia in CKD: A Narrative Review 
for the Kidney Care Team. Kidney Med. 2023;100677.  

[26] van Wonderen D, Melse-Boonstra A, Gerdessen JC. Iron bioavailability should be considered when modeling 
omnivorous, vegetarian, and vegan diets. J Nutr. 2023;153(7):2125–32.  

[27] Lopez A, Cacoub P, Macdougall IC, Peyrin-Biroulet L. Iron deficiency anaemia. Lancet. 2016;387(10021):907–16.  

[28] Ghosh N, Dey G, Rakshit P, De S. Erythropoietin in the Treatment of Anaemia. In: Concepts in Pharmaceutical 
Biotechnology and Drug Development. Springer; 2024. p. 265–78.  

[29] Slack A, Yeoman A, Wendon J. Renal dysfunction in chronic liver disease. Crit care. 2010;14:1–10.  

[30] Swetha R. Kanduri, Juan Carlos Q. Velez, Kidney Dysfunction in the Setting of Liver Failure: Core Curriculum 2024, 
CORE CURRICULUM IN NEPHROLOGY  https://doi. org/10. 1053/j. ajkd. 2023. 08. 013. . Kidney Dysfunction in 
the Setting of Liver Failure: Core Curriculum 2024. Am J Kidney Dis. 2023;  

[31] Hill Gallant KM, Spiegel DM. Calcium balance in chronic kidney disease. Curr Osteoporos Rep. 2017;15:214–21.  

 


