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ABSTRACT 

Background: The present study aimed to evaluate the levels of serum iron, total iron 

binding capacity (TIBC), transferrin saturation and serum ferritin in diagnosed cases of 

chronic kidney disease due to any aetiology not undergoing dialysis. Study also aimed to 

determine the correlation between serum creatinine and serum iron levels in chronic 

kidney disease in this group of patients. 

Materials and Methods: The present study was conducted in the city of Dibrugarh and 

which also included patients belonging to adjoining districts of Upper Assam from 20th 

October 2018 to 19th October 2019 for a period of 1 year. A clinico-hematological study 

was undertaken to evaluate the levels of serum iron, total iron binding capacity (TIBC), 

transferrin saturation and serum ferritin in diagnosed cases of chronic kidney disease 

(not on dialysis) due to any aetiology. Study included 110 old and newly diagnosed cases 

of CKD attending the out–patient department not on dialysis. A cut-off off Hemoglobin 

<13 g/dl in men and <12 g/dl in women was used to make the diagnosis of anemia. 

Results: Prevalence of anemia among CKD cases was observed as 74.6% with Hb level 

<6 gm% was observed in 6.4% cases. Normocytic normochromic picture was observed 

in 53.6% cases. Decreased level of serum iron, ferritin, TIBC and transferrin saturation 

was seen in 99.1%, 16.4%, 52.75 and 78.2% cases respectively. Mean levels of 

haemoglobin, RBC and iron indices (except for TIBC levels) decreased significantly 

with increase in the CKD stage. A significant positive correlation was observed between 

eGFR levels with haemoglobin and iron indices (except TIBC) while an inverse 

correlation was observed with creatinine levels. 

Conclusion: Anemia among Pre dialysis-CKD cases is mostly normocytic and moderate 

in severity. Functional iron deficiency was the predominant form of iron deficiency in 

these patients. Both hemoglobin and other iron indices worsens with progressive loss of 

kidney functions. 

Keywords:  Anemia, Chronic Kidney Disease, Creatinine, Glomerular filtration rate, 
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INTRODUCTION 

Chronic kidney disease (CKD) is characterized by a decrease in glomerular filtration rate 

(less than 60 ml /min for three months or longer) and histological evidence of reduction in 



European Journal of Molecular & Clinical Medicine 

ISSN 2515-8260 Volume 09, Issue 03, 2022 
 
 

1294 
 

nephron population. Multiple causes of kidney injury leads to a final common pathway of 

End stage renal disease (ESRD), and this syndrome is characterized by hypertension, anemia, 

renal bone disease, nutritional impairment, neuropathy, impaired quality of life, and reduced 

life expectancy.
[1]

CKD is a silent epidemic of the 21st century. Surveys have suggested that 

as many as 16% of the adult population have CKD. Its occurrence is not confined to 

developed countries; it is universal. Every year over one lakh people in India are diagnosed 

with CKD necessitating a kidney transplant or maintenance dialysis.
[2]

 

Anemia is a common complication among patients with CKD, and its prevalence rises as 

estimated glomerular filtration rate (eGFR) decreases.
[3]

 Anemia in CKD is associated with 

decreased quality of life and increased risk of cardiovascular disease and mortality.
[4–6]

 

Several mechanisms of CKD-related anemia have been implicated,
[5]

 including relative 

erythropoietin deficiency, decreased red cell life span, abnormal iron metabolism, chronic 

inflammation, metabolic abnormalities and effects of medications such as renin angiotensin 

system (RAS) inhibitors.
[7-21]

 

In patients with CKD, anemia is defined when concentration of hemoglobin (Hb) is below 2 

times the SD of the mean Hb of the general population, corrected for age and sex.
[22]

 In CKD, 

anemia may occur at early stages (CKD stages 2 and 3).
[23]

 The Hb levels decreases when the 

estimated glomerular filtration rate (eGFR) is around 70ml/min/1.73m2 (men) and 

50ml/min/1.73m2 (women). However anemia is more common in CKD stage 4 (even earlier 

in diabetic patients) and worsens as CKD progresses.
[24,25]

 In advanced stages of CKD and in 

the dialysis population anemia is present in as high as 90% of patients because some amount 

of blood remains in the dialysis machine leading to greater amount of iron deficiency in 

dialysis patients.
[26,27]

 

The present study aimed to evaluate the levels of serum iron, total iron binding capacity 

(TIBC), transferrin saturation and serum ferritin in diagnosed cases of chronic kidney disease 

due to any aetiology not undergoing dialysis. Study also aimed to determine the correlation 

between serum creatinine and serum iron levels in chronic kidney disease in this group of 

patients.  

We want to do this study because Iron deficiency anaemia is very common in CKD patients 

and timely diagnosing Iron deficiency anaemia and supplementing it with Iron therapy can 

significantly reduce the morbidity and mortality in CKD patients.
 

 

MATERIALS & METHODS 

Present Hospital based observational study was conducted in the city of Dibrugarh and which 

also included patients belonging to Adjoining districts of upper Assam from 20
th

 October 

2018 to 19
th
October 2019 for a period of 1 year on 110 CKD Patients (not on dialysis). 

Patients who were on dialysis, haematinics, erythropoietin, blood transfusion therapy (within 

3 months) were excluded. Other excluded cases were: patients with acute infections, burn, or 

patients on drugs (like cephalosporins, dapsone, levodopa, levofloxacin, methyldopa, 

nitrofurantoin, NSAIDs, etc.), pregnancy, haemoglobinopathies and children below 13 years 

of age.  

We screened the patients and case selection of chronic kidney disease was done according to 

the Kidney Disease Improving Global outcome (KDIGO) workgroup 2012 definition
23

. 

Under aseptic and antiseptic precaution, 5 ml of blood was collected from each subject from a 

suitable vein (preferably from antecubital vein) with a sterilized syringe. The serum was 

separated and used for iron estimation test in the same day and haemolysed sample were 

discarded. The following threshold values for Hemoglobin was used for diagnosis of anemia: 

Hb <13 g/dl in men and Hb <12 g/dl in women.
[24]
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Normal laboratory Values:  

• Serum Iron: 70—200 g/dl.  

• Total Iron Binding Capacity (TIBC): 250—435 g/dl.  

• Transferrin Saturation: 20—45%  

• Serum Creatinine: Males: 0.9—1.5 mg/dl and; Females: 0.8—1.3 mg/dl. 

• Serum Ferritin: Males: 12-300ng/ml and; Females: 12-200ng/ml 

 

Result 

Mean age of the study participants was 58.62 years with 64.5% males to 35.5% females. Out 

of the 110 cases, 1.8% were in CKD stage 2 while 27.3% and 70.9% were in CKD stage 3 

and 4 respectively. Hemoglobin level below 6 gm% was observed in 6.4% cases while it was 

between 6-10 gm% in 68.2% cases. On peripheral smear, microcytic hypochromic picture 

was observed in 19.1% cases while normocytic hypochromic picture was seen in 27.3% 

cases. Normocytic normochromic picture was observed in 53.6% cases. Decreased level of 

serum iron, ferritin, TIBC and transferrin saturation was seen in 99.1%, 16.4%, 52.75 and 

78.2% cases respectively. Mean levels of haemoglobin, RBC and iron indices (S. Iron, 

ferritin and Transferrin saturation) decreased significantly with increase in the CKD stage. 

Mean values of all the above parameters were significantly lower in CKD stage 4 as 

compared to stage 3 and stage 2 respectively except for TIBC levels, where mean values were 

greater in stage 4 as compared to stage 3 (p<0.05; [Table1]). A significant positive correlation 

was observed between eGFR levels with haemoglobin and iron indices (except TIBC) i.e. 

with decrease in eGFR (i.e. increased severity of CKD) leads to decrease in all these 

parameters while S. TIBC increases with decrease in eGFR [Table 2]. A significant inverse 

correlation was observed between creatinine levels with haemoglobin and iron indices 

(except TIBC) while S. TIBC increases with increase in creatinine levels [Table 3]. 

 

Table 1: Mean values of Iron indices as per CKD stage 

Variables CKD Stage N Mean SD p- value 

Hemoglobin II 2 13.60 0.57 <0.01 

III 30 10.01 1.48 

IV 78 8.60 1.45 

Total 110 9.07 1.69 

S. Iron II 2 39.46 3.92 <0.05 

III 30 35.09 9.76 

IV 78 32.19 10.53 

Total 110 33.11 10.31 

S. TIBC II 2 366.60 100.90 <0.05 

III 30 261.53 90.75 

IV 78 237.24 86.50 

Total 110 256.82 90.81 

S. Ferritin II 2 156.92 136.51 <0.01 

III 30 238.77 104.13 

IV 78 143.02 75.12 

Total 110 169.38 94.16 

S. Transferrin 

Saturation 

II 2 11.34 4.19 <0.05 

III 30 16.57 6.82 

IV 78 13.52 5.61 

Total 110 14.31 6.07 
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Figure 1: Bar diagram showing mean values of Iron indices as per CKD stage 

 

Table 2: Correlation of GFR with Iron indices 

Pearson co-relation 

eGFR r-value p- value 

Hemoglobin 0.50 <0.01 

S. Iron 0.27 <0.01 

S. TIBC -0.19 0.045 

Transferrin 0.33 <0.01 

S. Ferritin 0.37 <0.01 

 

Table 3: Correlation of Creatinine with Iron indices 

Pearson co-relation 

Creatinine r-value p- value 

Hemoglobin -0.37 <0.01 

S. Iron -0.26 <0.01 

S. TIBC 0.34 0.045 

Transferrin -0.41 <0.01 

S. Ferritin -0.18 0.064 

 

Table 4: Distribution of study cases as per findings on peripheral blood smear 

irrespective of sex 

PBS Number of cases Percentage (%) 

Microcytic Hypochromic 21 19.1% 

Normocytic Hypochromic 30 27.3% 

Normocytic Normochromic 59 53.6% 

Total 110 100.0% 
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Figure 2: Bar diagram showing distribution of study cases as per findings on peripheral 

blood smear irrespective of sex. 

 

Table 5: Distribution of study cases as per haemoglobin levels irrespective of sex 

Hemoglobin levels (gm%) Number of cases Percentage (%) 

<6 gm% 7 6.4% 

6–10 gm% 75 68.2% 

> 10 gm% 28 25.5% 

Total 110 100.0% 

 

 
Figure 3: Bar diagram showing distribution of study cases as per Hemoglobin levels 

irrespective of sex 
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Table 6: Association of CKD stage with haemoglobin levels 

Hemoglobin CKD Stage Total 

II III IV 

<6 gm% 0 1 6 7 

0.0% 3.3% 7.7% 6.4% 

6–10 gm% 0 12 63 75 

0.0% 40.0% 80.8% 68.2% 

> 10 gm% 2 17 9 28 

100.0% 56.7% 11.5% 25.5% 

Total 2 30 78 110 

100.0% 100.0% 100.0% 100.0% 

p value <0.01 

 

 
Figure 4: Bar diagram showing association of CKD stage with Hemoglobin levels 

 

DISCUSSION 

Present study included 110 old and newly diagnosed cases of CKD cases (not on dialysis). 

Out of the 110 cases, 1.8% were in CKD stage 2 while 27.3% and 70.9% were in CKD stage 

3 and 4 respectively.  

We observed prevalence of anemia as 74.6% among CKD cases with Hb level below 6 gm% 

in 6.4% cases. We observed a significant fall in hemoglobin as the CKD stage progresses. 

This fall in hemoglobin is statistically significant and correlated well with the stage of CKD. 

Mean hemoglobin levels among CKD cases was 9.07 gm% while mean hemoglobin in stage 

2 was 13.6 g/dl, in stage 3 was 10.0 g/dl while in stage 4 was 8.6 g/dl. 

Talwar et al,
[28]

 and Singh et al,
[29]

 observed lower hemoglobin similar to present study i.e. 

7.1 gm% and 6.93 gm% among CKD cases. Vikrant S et al,
[30]

 observed mean hemoglobin as 

9.2 ± 2.2 g/dL. There was a progressive fall in hemoglobin with increasing severity of CKD 

and in CKD Stage 3, 4, and 5 the mean hemoglobin was 10 ± 2.2, 9.4 ± 2.1, and 8.4 ± 1.9 

g/dL, respectively (P = 0.001). Khanam et al,
[31]

 in their study observed mean hemoglobin 

levels 12.7 gm% in stage I & II, 10.8 gm% in stage III, 9.1 gm% in stage IV and 7.4 gm% in 
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stage V. Stauffer ME et al,
[32]

 observed that prevalence of anemia increased with stage of 

CKD, from 8.4% at stage 1 to 53.4% at stage 5. 

Anemia in CKD is usually normocytic normochromic which is mainly hypoproliferative 

anemia due to EPO deficiency leading to bone marrow suppression and peripheral 

destruction. Sometimes, it can be microcytic hypochromic due to superimposed iron 

deficiency anemia and hypoproliferative due to reduced EPO activity in the bone marrow.
[33]

 

Patients may also show macrocytic anemia due to Vitamin B12/folate deficiency, dialysis-

induced changes in red cell volume, and bone marrow suppression.
[34]

 Hematocrit is reduced 

in these patients due to hemodilution.
[35] 

In the present study, normocytic normochromic picture (53.6%) was the predominant finding 

in the peripheral smear and the most common anemia was also being normocytic 

normochromic type in the majority. Microcytic anemia was seen in 19.1% cases. Lack of 

macrocytic anemia cases in the present study is because of the low frequency of occurrence 

of Vitamin B12 deficiency in CKD as vitamin B12 levels are increase in renal failure as a 

result of decreased clearance by the failed kidneys.  

Sundhir N et al,
[35]

 in their study also observed most common profile seen on peripheral 

blood smear as normocytic normochromic anemia (76%), followed by microcytic 

hypochromic picture seen 22% patients. The results of the present study are also similar to 

the study by Singh, et al,
[29]

 and Sundhir, et al.
[35]

 The differences in the smear findings 

between different studies are due to the variation in the sample size and difference in the 

study population. 

Decreased level of serum iron, ferritin, TIBC and transferrin saturation was seen in 99.1%, 

16.4%, 52.75 and 78.2% cases respectively. Mean levels of iron indices (S. Iron, ferritin and 

Transferrin saturation) decreased significantly with increase in the CKD stage. Mean values 

of all the above parameters were significantly lower in CKD stage 4 as compared to stage 3 

and stage 2 respectively except for TIBC levels, where mean values were greater in stage 4 as 

compared to stage 3 (p<0.05).  

Vikrant S et al. 30 observed 307 (52.6%) patients having transferrin saturation (TSAT) <20% 

(functional iron deficiency), 162 (27.7%) patients had serum ferritin <100 ng/mL (absolute 

iron deficiency). Wong MM et al,
[36]

 studied a total of 6766 participants with CKD Stages 

3a–5ND from nephrology clinics in Brazil, France, Germany and the USA. The proportion of 

anemic patients with ferritin <100 ng/mL or TSAT <20% ranged from 42% in Brazil to 53% 

in France and Germany. In a study done by Iyawe, et al,
[37]

 in Nigeria included 100 pre-

dialysis CKD patients mean serum ferritin was 223.23 ng/ml which is within normal range 

and similarly in the present study mean serum ferritin was 169.38 ng/ml which is also within 

the normal range indicating absence of functional iron deficiency among CKD patients in the 

present study. 

The assessment of iron status is easy if the Transferrin saturation and serum ferritin are both 

high and low in the evaluated patients. In present study, 18 patients (16.4%) had low serum 

ferritin (<100 ng/ml) with low TSAT (<20%) indicating absolute iron deficiency. Another 

study done in India by Veena A et al,
[38]

 percentage of absolute iron deficiency in CKD 

patient was 20.8% which is somewhat similar to present study. Iyawe IO et al,
[37]

 in their 

study observed that among CKD patients with ID, 11 (85.7%) had functional iron deficiency 

while three (14.3%) had absolute iron deficiency which was also comparable to present study 

(78.2% and 16.4%).  

In present study, a significant inverse correlation was observed between creatinine levels with 

haemoglobin, RBC and iron indices (except TIBC). Increase in creatinine levels (i.e. 

deterioration of kidney functions) leads to decrease in all these parameters except S. TIBC, 

which increases with increase in creatinine levels.  
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Branten AJ et al,
[39]

 in their study observed that in univariate analysis, serum ferritin 

correlated significantly with creatinine (r = −0.19, P = 0.02). Kovesdy CP et al,
[40]

 in their 

study of Patients with Non-dialysis-Dependent Chronic Kidney Disease observed a 

significant correlation between iron indices with serum creatinine levels (p<0.05). Fishbane S 

et al,
[41]

 in their study observed thatlow levels of iron tests [either serum ferritin < 100 ng/ml 

or transferrin saturation (TSAT) < 20%] were present in most patients with increased 

creatinine levels. Reddy GC et al. 42 studied correlation between the indices of iron status in 

CKD patients and found significant correlation between creatinine and ferritin (r-0.242; 

p<0.05) and hemoglobin levels (r -0.23; p<0.05). 

To summarize, anemia among Pre dialysis-CKD cases is mostly normocytic and moderate in 

severity. Management of anemia in these patients requires recognizing that not only 

decreased EPO production but also decreased iron availability, can lead to anemia. Functional 

iron deficiency was the predominant form of iron deficiency in pre-dialysis CKD patients. 

Bothe hemoglobin and other iron indices worsens with progressive loss of kidney functions 

i.e. decrease in eGFR levels and increase in serum creatinine levels. Thus, physicians 

managing pre dialysis-CKD patients should conduct a full anemia workup to determine its 

etiology and guide appropriate treatment decisions.
 

 

CONCLUSION 

Anemia among Pre dialysis-CKD cases is mostly normocytic and moderate in severity. 

Functional iron deficiency was the predominant form of iron deficiency in these patients. 

Bothe hemoglobin and other iron indices worsens with progressive loss of kidney functions 

i.e. decrease in eGFR levels and increase in serum creatinine levels. Thus, physicians 

managing pre dialysis-CKD patients should conduct a full anemia workup to determine its 

etiology and guide appropriate treatment decisions. 

 

REFERENCES 

1. Mani M.K Prevention of chronic renal failure at the community level. Kidney 

International 2003; 63: 586-9. 

2. Agarwal SK, Srivastava RK, Chronic Kidney Disease in India - Challenges and 

Solutions, Nephron Clin Pract, 2009, 111, 197-203.  

3. McClellan W, Aronoff SL, Bolton WK et al. The prevalence of anemia in patients with 

chronic kidney disease. Curr Med Res Opin 2004; 20: 1501–1510.  

4. Astor BC, Coresh J, Heiss G et al. Kidney function and anemia as risk factors for 

coronary heart disease and mortality: the Atherosclerosis Risk in Communities (ARIC) 

Study. Am Heart J 2006; 151: 492–50. 

5. Babitt JL, Lin HY. Mechanisms of anemia in CKD. J Am Soc Nephrol 2012; 23: 1631–

1634. 

6. Iimori S, Naito S, Noda Y et al. Anaemia management and mortality risk in newly 

visiting patients with chronic kidney disease in Japan: the CKD-ROUTE study. 

Nephrology 2015; 20: 601–608. 

7. McGonigle RJ, Wallin JD, Shadduck RK et al. Erythropoietin deficiency and inhibition 

of erythropoiesis in renal insufficiency. Kidney Int 1984; 25: 437–444. 

8. Sato Y, Mizuguchi T, Shigenaga S et al. Shortened red blood cell lifespan is related to 

the dose of erythropoiesis-stimulating agents requirement in patients on hemodialysis. 

Ther Apher Dial 2012; 16: 522–528. 

9. Babitt JL, Lin HY. Molecular mechanisms of hepcidin regulation: implications for the 

anemia of CKD. Am J Kidney Dis 2010; 55: 726–741. 



European Journal of Molecular & Clinical Medicine 

ISSN 2515-8260 Volume 09, Issue 03, 2022 
 
 

1301 
 

10. Rambod M, Kovesdy CP, Kalantar-Zadeh K. Combined high serum ferritin and low iron 

saturation in hemodialysis patients: the role of inflammation. Clin J Am Soc Nephrol 

2008; 3: 1691–1701. 

11. Tran L, Batech M, Rhee CM et al. Serum phosphorus and association with anemia 

among a large diverse population with and without chronic kidney disease. Nephrol Dial 

Transplant 2015; 31: 636–645. 

12. Bogin E, Massry SG, Levi J et al. Effect of parathyroid hormone on osmotic fragility of 

human erythrocytes. J Clin Invest 1982; 69: 1017–1025. 

13. Rao DS, Shih M-S, Mohini R. Effect of serum parathyroid hormone and bone marrow 

fibrosis on the response to erythropoietin in uremia. N Engl J Med 1993; 328: 171–175. 

14. Meytes D, Bogin E, Ma A et al. Effect of parathyroid hormone on erythropoiesis. J Clin 

Invest 1981; 67: 1263–1269. 

15. Icardi A, Paoletti E, De Nicola L et al. Renal anaemia and EPO hyporesponsiveness 

associated with vitamin D deficiency: the potential role of inflammation. Nephrol Dial 

Transplant 2013; 28: 1672–1679. 

16. Patel NM, Gutie´rrez OM, Andress DL et al. Vitamin D deficiency and anemia in early 

chronic kidney disease. Kidney Int 2010; 77: 715–720. 

17. Morrone LF, Di Paolo S, Logoluso F et al. Interference of angiotensin-converting 

enzyme inhibitors on erythropoiesis in kidney transplant recipients: role of growth 

factors and cytokines1. Transplant 1997; 64: 913–918. 

18. Pratt M, Lewis-Barned N, Walker R et al. Effect of angiotensin converting enzyme 

inhibitors on erythropoietin concentrations in healthy volunteers. Br J Clin Pharmacol 

1992; 34: 363–365. 

19. Mrug M, Stopka T, Julian BA et al. Angiotensin II stimulates proliferation of normal 

early erythroid progenitors. J Clin Invest 1997; 100: 2310–2314. 

20. van der Meer P, Lipsic E, Westenbrink BD et al. Levels of hematopoiesis inhibitor N-

acetyl-seryl-aspartyl-lysyl-proline partially explain the occurrence of anemia in heart 

failure. Circulation 2005; 112: 1743–1747. 

21. Azizi M, Rousseau A, Ezan E et al. Acute angiotensinconverting enzyme inhibition 

increases the plasma level of the natural stem cell regulator N-acetyl-seryl-aspartyl-

lysylproline. J Clin Invest 1996; 97: 839–844. 

22. Cases A, Egocheaga MI, Tranche S, Pallarés V, Ojeda R, Górriz JL, Portolés JM. 

Anemia of chronic kidney disease: Protocol of study, management and referral to 

Nephrology. Nefrología (English Edition). 2018 Jan 1;38(1):8-12. 

23. Levin A, Stevens PE. Summary of KDIGO 2012 CKD Guideline: behind the scenes, 

need for guidance, and a framework for moving forward. Kidney international. 2014 Jan 

1;85(1):49-61. 

24. FAO, WHO. World Declaration and Plan of Action for Nutrition. International 

Conference on Nutrition. Rome, Food and Agriculture Organization of the United 

Nations, December 1992. 

25. O'Mara NB. Anemia in patients with chronic kidney disease. Diabetes Spectrum. 2008 

Jan 1;21(1):12-9. 

26. S.I. McFarlane, S.C. Chen, A.T. Whaley-Connell, J.R. Sowers, J.A. Vassalotti, M.O. 

Salifu, Kidney Early Evaluation Program Investigators, et al. Prevalence and 

associations of anemia of CKD: Kidney Early Evaluation Program (KEEP) and National 

Health and Nutrition Examination Survey (NHANES) 1999–2004. Am J Kidney Dis, 51 

(2008), pp. S46-S55. 

27. M.E. Stauffer, T. Fan. Prevalence of anemia in chronic kidney disease in the United 

States. PLoS ONE, 9 (2014), pp. e84943.  



European Journal of Molecular & Clinical Medicine 

ISSN 2515-8260 Volume 09, Issue 03, 2022 
 
 

1302 
 

28. Talwar, V.K. and Gupta, H.L., 2002. Clinicohaematological profile in chronic renal 

failure. The Journal of the Association of Physicians of India, 50, pp.228-233. 

29. Singh, N.P., Aggarwal, L., Singh, T., Anuradha, S. and Kohli, R., 1999. Anaemia, iron 

studies and erythropoietin in patients of chronic renal failure. The Journal of the 

Association of Physicians of India, 47(3), pp.284-290. 

30. Vikrant S. Etiological spectrum of anemia in non-dialysis-dependent chronic kidney 

disease: A single-center study from India. Saudi J Kidney Dis Transpl 2019;30:932-42. 

31. Khanam, S., Begum, N., Begum, S. and Hoque, A.E., 2007. Changes in hematological 

indices in different stages of chronic renal failure. Journal of Bangladesh Society of 

Physiologist, 2, pp.38-41. 

32. Stauffer ME, Fan T. Prevalence of anemia in chronic kidney disease in the United States. 

PloS one. 2014;9(1):12-17. 

33. Joanne M, Bargman JM, Skorecki K. Disorders of the kidney and urinary tract. In: 

Harrison's Principle and Practice of Internal Medicine. 17th ed. Vol. 2. New York: 

McGraw-Hill; 2008. p. 1761-71. 

34. Tennankore KK, Soroka SD, West KA, Kiberd BA. Macrocytosis may be associated 

with mortality in chronic hemodialysis patients: A prospective study. BMC Nephrol 

2011;12:19.  

35. Sundhir N et al. Profile of Anemia in Chronic Kidney Disease Patients at a Rural 

Tertiary Care Centre: A Prospective Observational Study. International Journal of 

Contemporary Medical Research. 2018;5(5):29-33. 

36. Wong MM, Tu C, Li Y, Perlman RL, Pecoits-Filho R, Lopes AA, Narita I, Reichel H, 

Port FK, Sukul N, Stengel B. Anemia and iron deficiency among chronic kidney disease 

Stages 3–5ND patients in the Chronic Kidney Disease Outcomes and Practice Patterns 

Study: often unmeasured, variably treated. Clin Kid J. 2019. 

37. Iyawe IO, Adejumo OA, Iyawe LI, Oviasu EO. Assessment of iron status in predialysis 

chronic kidney disease patients in a Nigerian Tertiary Hospital. Saudi J Kidney Dis 

Transpl 2018;29:1431-40. 

38. Veena A, Astagimath MN. Comparison of serum iron, TIBC, transferrin saturation and 

serum ferritin in anemia of chronic renal diseases. Int J Res Med Sci 2019;7:786-9. 

39. Branten AJ, Swinkels DW, Klasen IS, Wetzels JF. Serum ferritin levels are increased in 

patients with glomerular diseases and proteinuria. Nephrology Dialysis Transplantation. 

2004 Nov 1;19(11):2754-60. 

40. Kovesdy CP, Estrada W, Ahmadzadeh S, Kalantar-Zadeh K. Association of markers of 

iron stores with outcomes in patients with nondialysis-dependent chronic kidney disease. 

Clinical Journal of the American Society of Nephrology. 2009 Feb 1;4(2):435-41. 

41. Fishbane S, Pollack S, Feldman HI, Joffe MM. Iron indices in chronic kidney disease in 

the National Health and Nutritional Examination Survey 1988–2004. Clinical Journal of 

the American Society of Nephrology. 2009 Jan 1;4(1):57-61. 

42. Reddy GC, Devaki R, Rao P. Iron indices in patients with functional anemia in chronic 

kidney disease. EJIFCC. 2014 Feb;24(3):129. 


