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Abstract 
Background: Anaemia is one of the conditions associated with chronic kidney disease which has contributed to the 
morbidity and mortality of patients.  This study was undertaken to assess the red cell parameters and interleukin-6 level in 
patients with chronic kidney disease. 
Materials and methods: One-hundred and twenty-two (122) male patients diagnosed with chronic kidney disease (CKD) 
and 50 control subjects were assessed for red cell parameters and interleukin-6 (IL-6) using standard techniques. 
 Results: The values of Hb, RBC and MCV of 10.25 ± 5.72g/dL, 3.40 ± 1.34 x1012 /L and 71.17 ± 21.27 fl, respectively 
in CKD patients were significantly lower compared to 14.35 ± 1.56 g/dL, 5.44 ± 0.62 x1012 /L and 82.5 ± 5.23 fl, 
respectively in control subjects (p< 0.05) while IL-6 level of 87.49 ± 36.46 ng/L in CKD patients was significantly higher 
compared to 44.88 ± 13.7 ng/L of control group (p< 0.0001). There were no statistically significant differences in the 
values of MCHC and MCH between CKD patients and control subjects (p> 0.05). However, stages and age of CKD 
patients had no effects on the values of RBC parameters (p>0.05) while the age showed significant differences with IL-6 
levels (p<0.05).  
Conclusion: Significantly lower values of Hb, RBC and MCV, and significantly higher value of IL-6 have been observed 
among the CKD patients and therefore, the patients are prone to anaemia, possibly microcytic hypochromic anaemia. 
However, advanced stage of CKD and increasing age of CKD patients could contribute to the development of severe 
anaemia. 
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Introduction 
Chronic kidney disease (CKD) is one of the major health 
problems worldwide that has been associated with high 
levels of morbidity and mortality.1, 2  
 
CKD is associated with progressive loss of kidney 
function and thereby requiring the need for renal 
replacement therapy such as dialysis or transplantation. 
Kidney damage has been linked to pathological 
abnormalities as revealed by imaging studies or renal 
biopsy, abnormalities in urinary sediment or increased 
urinary albumin excretion rates.3 

 
CKD has been classified based on the cause, glomerular 
filtration rate (GFR) category and albuminuria category 
(CGA). However, based on GFR, CKD has been 
classified into 5 stages.4 CKD stages were classified as 
follows: stage 1: estimated glomerular filtration rate 
(eGFR) ≥ 90ml/min/1.73m2, stage 2: eGFR of 60-89 
ml/min/1.73m2, stage 3: eGFR of 30-59 
ml/min/1.73m2, stage 4: eGFR of 15-29 
ml/min/1.73m2 and stage 5: eGFR less than 15 
ml/min/1.73m2.  5 
Higher prevalence of CKD stages 1-5 has been 
associated with advancing age, ranging from 13.7% in 
30–40-year-old group to 27.9% in patients above 70 
years.6 The haematological changes associated with 
chronic kidney disease have contributed immensely to 
the morbidity and mortality of the patients. 1 However, 
the most common haematological change in CKD 
patients is anaemia. 7 

 
The cause of anaemia in CKD patients are multifactorial, 
however, the primary defect is associated with decreased 
erythropoiesis due to inadequate erythropoietin (EPO) 
production from the kidneys while other causes have 
been associated with deficiencies of iron, vitamin B12, 
and folate due to nutritional insufficiency or increased 
blood loss. 8-10 Shortened red blood cell survival, chronic 
diseases and aluminium toxicity have also been 
implicated in the cause of anaemia in CKD patients. 9,11 
Anaemia in CKD is usually normocytic normochromic 
but sometimes, it may be microcytic hypochromic due 
to iron deficiency anaemia and hypoproliferative 
anaemia because of reduced EPO activity in the bone 
marrow. 12 CKD patients could experience macrocytic 
anaemia due to vitamin B12 / folate deficiency, dialysis-
induced changes in red cell volume and bone marrow 
suppression. 13  
Interleukin-6 (IL-6) has both pro- and anti- 
inflammatory effects and it is produced by numerous 
immune cells which include monocytes, mesothelial 
cells, fibroblasts, adipocytes and lymphocytes in 

response to physiological stimuli such as tumor necrosis 
factor-α (TNF-α), IL-1β, bacterial endotoxins, physical 
exercise and oxidative stress. 14  
 
Advanced CKD has been associated with a state of 
chronic inflammation, as evidenced by either elevated 
levels of various pro-inflammatory cytokines (IL-1β, IL-
6, TNF-α) or altered levels of acute phase proteins (C-
reactive proteins, albumin and fetuin-A). 15-17 It has been 
proposed that increased circulating level of IL-6 in CKD 
induces hepcidin overproduction, resulting in decreased 
duodenal iron absorption and in the release of iron from 
macrophages, which leads to decreased iron availability 
for erythropoiesis and then anaemia. 17,18 
 
Hepcidin is expressed on enterocytes, hepatocytes and 
macrophages. It binds to iron exporter, ferroportin, and 
promotes the internalization and degradation of 
ferroportin and therefore prevents iron egress from the 
cells, which leads to reduction in iron supply to the bone 
marrow. 17,18  
 
Red cell indices and IL-6 level among CKD patients 
have been scantily documented in Northern Nigeria; 
therefore, the assessment of red cell indices and IL-6 
level among CKD patients as well as the effects of age 
and CKD stage on these parameters were studied in 
Sokoto, Northwest Nigeria to provide more information 
that could be used in the management of CKD patients. 

 
Materials and methods 
Setting 
The study was carried out in Usmanu Danfodiyo 
University Teaching Hospital (UDUTH), Sokoto and 
Specialist Hospital, Sokoto (SHS). 
 
Study design 
A cross- sectional study was performed on samples 
collected from CKD patients to assess the red cell 
parameters and interleukin-6 between October 2019 and 
September, 2020. 
 
Population 
One hundred and twenty-two (122) male patients with 
CKD, aged 20-84 years were recruited for the study from 
Usmanu Danfodiyo University Teaching Hospital, 
Sokoto and Specialist Hospital, Sokoto while 50, age- 
and sex- matched apparently healthy subjects recruited 
from Sokoto metropolis served as control group. 
 
Inclusion criteria 
1. Diagnosed and consented patients with CKD. 
2.  CKD patients whose ages were ≥20 years. 
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Exclusion criteria 
1. Non-consenting CKD patients. 
 2. Patients on renal replacement therapy. 
3. CKD patients on erythropoiesis stimulating agents or 
had blood transfusion 4 weeks prior to the study.  
4. CKD patients with tuberculosis, HIV, 
haemoglobinopathies and malignancies. 
 
Sample size determination 
Based on the prevalence range of 1.6%-12.4% of CKD 
patients in Nigeria.19 The average of 7% was used in this 
study. 
Sample size (n) =Z2 P (1-P)/e2. 20 
Z= 1.96, P=7%, e= 0.05 
n=1.962 x 0.07(1-0.07)/ 0.052 
n = 3.8416 x 0.0651/0.0025 
n = 100.04 
Therefore, the sample size = 100. 
However, sample size of 122 was used for the study. 
Informed consent 
Informed consent was obtained from every participant 
for the study. 
 
Ethical approval 
Ethics and research committees of Usmanu Danfodiyo 
University Teaching Hospital, Sokoto and Specialist 
Hospital, Sokoto gave the approval letters 
UDUTH/HREC/2019/No. 877 and 
SHS/SUB/133/VOL 1, respectively, for the study. 
 
Sample collection 
Five milliliters (5ml) of venous blood was collected from 
each participant aseptically and 2ml of blood was 
dispensed into EDTA bottle for the determination of 
Hb, MCV, MCH, MCHC while the remaining 3ml was 
put in a plain bottle to obtain serum sample for the 
estimation of IL-6 levels. 
 
Study instruments 
 Haemoglobin concentration, MCV, MCH, MCHC were 
determined from EDTA blood samples using a quality 
controlled calibrated 3-part differentiation Mythic-18 
haematology analyser manufactured in Geneva, 
Switzerland while the estimation of IL-6 level was 
carried out from the serum sample using ELISA kit with 
catalogue number PRS-00871hu, manufactured by 
Nanjing Pars Biochec Co. Ltd, China. 
 
Data analysis 
Data were analysed using SPSS, version 22 (Chicago, IL, 
USA) and presented as mean ± standard deviation. 
Student’s t-test and one-way analysis of variance with 

post-hoc Tukey test were employed to compare the 
groups. P-value of <0.05 was considered statistically 
significant 
 
Results 
Table 1 shows significantly lower values of Hb, RBC and 
MCV of 10.25 ± 5.72 g/dL, 3.40 ± 1.34 x 1012/L and 
71.17 ± 21.27 fl, respectively in CKD patients compared 
to 14.35 ± 1.56 g/dL, 5.44 ± 0.62 x 1012/L and 82.5 ± 
5.23 fl, respectively in control group (p<0.05). However, 
there was significantly higher value of IL-6 of 87.49 ± 
36.46 ng/L in CKD patients compared to 44.88 ± 13.74 
ng/L in control subjects (p=0.0001). The differences in 
the values of MCH and MCHC between CKD patients 
and controls were not statistically significant (p>0.05) 
 
Red cell indices and interleukin-6 level with CKD stages 
are shown in Table 2. The values of Hb of 12.8 ± 10.09 
g/dL, 10.47 ± 2.01 g/dL, 10.31 ± 5.34 g/dL, 9.91±3.20 
g/dL and 10.94±7.52 g/dL, respectively; RBC of 3.16 ± 
0.75 x 1012/L, 3.81 ± 0.84 x 1012/L, 3.36 ± 0.73 x 1012/L, 
3.31 ± 0.89 x 1012/L and 3.45 ± 1.95 x 1012/L, 
respectively; MCV of 72.5 ± 30.35 fl, 74.27 ± 22.56 fl, 
71.95 ± 20.57 fl, 69.83 ± 22.46 fl and 72.5 ± 30.35 fl, 
respectively; MCH of 24.7±2.48 pg, 26.34±2.24 pg, 
25.66±3.26 pg, 26.11±11.37 pg and 25.74±4.82 pg, 
respectively; MCHC of 22.98 ± 17.19 g/dL, 30.4 ± 7.05 
g/dL, 37.78 ± 19.68 g/dL, 30.59 ± 10.29 g/dL and 36.0 
± 23.69 g/dL, respectively; and IL-6 of 64.12 ± 16.31 
ng/L, 69.4 ± 13.28 ng/L, 81.25 ± 41.43 ng/L, 84.02 ± 
21.21 ng/L and 99.34 ± 45.03 ng/mL, respectively for 
stage 1, stage 2, stage 3, stage 4 and stage 5, respectively 
showed no statistically significant differences (p>0.05). 
 
Table 3 demonstrates red cell indices and interleukin-6 
level according to age of CKD patients. The levels of Hb 
of 10.64 ± 5.55 g/dL, 9.33 ± 4.12 g/dL, 11.59 ± 7.99 
g/dL, 9.04 ± 3.68 g/dL, respectively; RBC of 3.33 ± 
0.97 x 1012/L, 3.27 ± 0.75 x 1012/L, 3.71 ± 2.23 x 1012/L 
and 3.17 ± 0.91 x 1012/L, respectively; MCV of 68.41 ± 
25.08 fl, 72.37 ± 18.79 fl, 69.32 ± 22.32 fl and 84.14 ± 
4.71 fl, respectively; MCH of 25.2 ± 5.23 pg, 26.3 ± 9.89 
pg, 25.74 ± 5.53 pg and 26.33 ± 2.9 pg, respectively; and 
MCHC of 29.02 ± 15.4 g/dL, 34.16 ± 15.85 g/dL, 38.89 
± 25.43 g/dL and 31.13 ± 10.72 g/dL, respectively for 
age ranges of 21-40 years, 41-60 years, 61-80 years and 
81-100 years of CKD patients, respectively showed no 
statistically significant differences (p>0.05). However, 
IL-6 levels of 71.58 ± 18.02 ng/L, 93.3 ± 43.62 ng/L, 
95.29 ± 37.77 ng/L and 88.66 ± 17.69 ng/L, 
respectively for age ranges of 21-40 years, 41-60 years, 
61-80 years and 81-100 years of CKD patients, 
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respectively showed statistically significant differences 
(p=0.0251

Table 1: Red cell indices and interleukin-6 level in CKD patients 

Parameter  Control subjects 
(n=50) 

CKD patients 
(n=122) 

P-value 

Hb (g/dL) 14.35 ± 1.56 10.25 ± 5.72 0.0001 

RBC (x1012/L) 5.44 ± 0.62 3.40 ± 1.34 0.0001 

MCV (fl) 82.5 ± 5.23 71.17 ± 21.27 0.0003 

MCH (pg) 27.5 ± 3.16 25.85 ± 7.41 0.1311 

MCHC (g/dL) 30.57 ± 2.15 33.76 ± 30.75 0.4656 

IL-6 (ng/L) 44.88 ± 13.74 87.49 ± 36.46 0.0001 

 
 Table 2: Red cell indices and interleukin-6 level with CKD stages 

 
 
Parameter  

                              CKD Stages 

1 
(n=4) 

2 
(n=7) 

3 
(n=25) 

4 
(n=42) 

5 
(n=44) 

P-value 

Hb (g/dL) 12.8 ± 10.09 10.47± 2.01 10.31±5.34 9.91±3.2 10.94±7.52 0.849 

RBC (x1012/L) 3.16 ± 0.75 3.81 ± 0.84 3.36±0.73 3.31±0.89 3.45±1.95 0.899 

MCV (fl) 72.5 ± 30.35 74.27± 22.56 71.95±20.57 69.83±22.46 72.5±30.350 0.986 

MCH (pg) 24.7 ± 2.48 26.34± 2.24 25.66±3.26 26.11±11.37 25.74±4.82 0.995 

MCHC (g/dL) 22.98±17.19 30. 4±7.05 37.78±19.68 30.59±10.29 36.0±23.69 0.317 

IL-6 (ng/L) 64.12±16.31 69.4±13.28 81.25±41.43 84.02±21.21 99.34±45.03 0.055 

 

        Table 3: Red cell indices and interleukin-6 level according to age of CKD patients 

Parameter  21-40 years 
(n=34) 

41-60 years 
(n=50) 

61-80 years 
(n=31) 

81-100 years 
(n=7) 

P-value 

Hb (g/dL) 10.64 ± 5.55 9.33 ± 4.12 11.59±7.99 9.04±3.68 0.329 

RBC (x1012/L) 3.33 ± 0.97 3.27 ± 0.75 3.71±2.23 3.17±0.91 0.499 

MCV (fl) 68.41 ± 25.08 72.37 ± 18.79 69.32±22.32 84.14±4.71 0.315 

MCH (pg) 25.21 ± 5.23 26.3 ± 9.89 25.74±5.53 26.33±2.9 0.928 

MCHC (g/dL) 29.02±15.4 34.16±15.85 38.89±25.43 31.13±10.72 0.193 

IL-6 (ng/L) 71.58±18.02 93.3±43.63* 95.29±37.77* 88.66±17.69 0.0251 

* P<0.05, IL-6 levels in 21-40 years versus 41-60 years and 61-80 years. 
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Discussion 
The study has shown significantly lower values of 
haemoglobin concentration, red blood cell count, mean 
cell volume (MCV) and significantly higher value of 
interleukin-6 among the CKD patients. Age and stages 
of CKD patients had little or no significant effects on 
red cell indices and interleukin-6 level. 
 
Our study has revealed significantly lower values of 
haemoglobin and red blood cell count in CKD patients 
compared to control subjects. These findings are 
consistent with the previous reports. 1, 21,22 Anaemia in 
CKD patients has been primarily linked to deficiency of 
erythropoietin (EPO) but other causes include 
haemolysis, shortened red cell survival, iron deficiency, 
vitamin B12 and folate deficiency, anaemia of chronic 
disease due to infection among others. 9 
 
The study further showed that age and stage of CKD 
had no significant effects on haemoglobin concentration 
and RBC count in CKD patients, however, haemoglobin 
values appeared to have reduced insignificantly with 
stage of CKD. This is in line with report of Khadayate 
et al. 2 which showed that severity of anaemia correlated 
with the stages of CKD. 
 
The study has further shown significantly lower value of 
MCV in CKD patients compared to control group. This 
is in agreement with the earlier study, 21 however, Shastry 
and Belurkar 1 reported that 70% of CKD patients had 
normal MCV level, 27.6% had low MCV with 
microcytes in peripheral smear and 2.1% had high MCV 
with 2 patients having macro-ovalocytes and decreased 
serum B12 and folate levels. Decreased MCV level in 
CKD patients in this study could be associated with 
reduced haemoglobin concentration of the red cell, 
affecting the average size of the red cell, and ultimately 
resulting in the presence of microcytes. 
 
Changes in the red blood cell indices have been 
associated with vitamin B12, iron and folic acid 
deficiencies, which are consequences of dietary 
insufficiency or blood or by decreased lifespan of 
erythrocytes. 10,11 
 
Age and stage of CKD patients had no significant effects 
on the values of MCV in this study. This finding on the 
stage of CKD is in support of earlier study. 1  
The study further displayed that the values of MCH and 
MCHC in CKD patients were not significantly affected, 
and these agree with previous studies. 1,21 
Age and stage of CKD patients showed no influences on 
the levels of MCH and MCHC in this study. Although, 
limited studies are available on these parameters but 

Shastry and Belurkar 1 observed similar findings of no 
significant differences in the MCH and MCHC values 
with respect to stage of CKD. 
 
Interleukin-6 (IL-6) level was significantly higher in 
patients with CKD compared to the control group in 
this study and this agrees with the reports of earlier 
researchers. 23,24 However, IL-6 and TNF-α have been 
associated with increase in hepcidin production, which 
reduces iron release from macrophages and reduces 
availability of iron for erythropoiesis. 25 IL-6 has 
therefore been linked to development of anaemia in 
CKD due to mechanisms that include induction of 
hypoferremia, aggravation of renal fibrosis and 
alteration of the erythropoietin axis. 18 
 
The study has further revealed that IL-6 increased 
insignificantly with increasing stage of CKD while it 
increased significantly with age. This shows that aging 
and increasing stage of CKD could contribute to the 
development of anaemia. 
 
Strengths and limitations of the study 
The study was not limited to CKD patients with end-
stage renal disease requiring haemodialysis but included 
the non-dialysis patients. 
 
The study was limited to 122 male CKD patients and 
therefore, the report obtained may not represent the 
entire CKD patients in Sokoto State as other local 
government areas and females were not included.  
 
The selection of the CKD patients was not through 
random sampling because they were few in number.  
The study did not assess erythropoietin, vitamin B12 and 
iron levels which could be helpful in determining the 
cause of anaemia. 
 
The study did not consider the demographic 
characteristics of the CKD patients. 
 
Implications of the findings of the study 
The findings of reduced red cell parameters and 
increased IL-6 level are associated with chronic kidney 
disease. This information would serve as guide to the 
physicians in the management of patients with CKD and 
thereby reduce the morbidity and mortality rates. 
 
 
 
Conclusion 
CKD patients had significantly lower values of 
haemoglobin, red blood cell count, MCV, and 
significantly higher value of IL-6, which make the 
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patients to be prone to anaemia, most especially 
microcytic hypochromic anaemia, however, advanced 
age of CKD patients and increasing stage of CKD could 
contribute to the vulnerability of the patients to the 
development of severe anaemia. 

It is therefore recommended that IL-6 level and red cell 
indices, especially MCV be determined among other 
laboratory tests for CKD patients to support their 
management. 

 
Declarations 
 
Ethical Consideration: Ethical approval was granted 
by the ethics and research committees of Specialist 
Hospital, Sokoto and Usman Danfodiyo University 
Teaching Hospital, Sokoto through letters 
SHS/SUB/122/VOL 1 and 
UDUTH/HREC/2019/NO. 877, respectively. 
Authors’ Contribution: IM and IZI conceived the 
study design, IZI collected the data while IM, IZI and 
LHM analysed the data. IM and LHM wrote the 
manuscript while all authors reviewed and approved the 
final manuscript for publication. 
Conflict of interest: None 
Funding: The study was funded by the authors 
Acknowledgment:  We thank the members of staff of 
Nephrology units of both Specialist Hospital, Sokoto 
and Usmanu Danfodiyo University for their assistance 
and cooperation. 

                                                                   
References 
1. Shastry I, Belurkar S. The spectrum of red cell 

parameters in chronic kidney disease: A study 
of 300 cases. J Appl Hematol 2019; 10: 61-66. 

2. Khadayate R, Sahu P, Sahu S, Karale S. Study 
of hematological profile in chronic renal failure 
patients on hemodialysis in Tertiary Care 
Hospital. International Journal of Health 
Sciences and Research 2020; 10(12): 1-7. 

3. Chapter 1: Definition and Classification of 
CKD. Kidney Int Suppl (2011) 2013; 3(1): 19-
62. 

4. Kidney International Supplements, KDIGO 
2012 Clinical Practice Guidelines for 
Evaluation and Management of Chronic 
Kidney Disease. Official Journal of the 
International Society of Nephrology 2013; 
3(1): 1-163. 

5. KDOQ1 Clinical practice guidelines for 
chronic kidney disease: evaluation, 
classification and stratification. Kidney Disease 
Outcome Quality Initiative. Am J Kidney Dis 
2002; 39: S1-S246. 

6. Hill NR, Fatoba ST, Oke JL, Hirst JA, O’Callaghan 
CA, Lasserson DS, Hobbs FR. Global prevalence 

of chronic kidney disease–a systematic review and 

meta-analysis. PloS one. 2016 Jul 6;11(7):e0158765. 
7. Babitt JL, Lin HY. Mechanisms of anaemia in 

CKD. J Am Soc Nephrol 2012; 23: 1631-1634. 
8. Eschbach JW, Adamson JW. Anaemia of end-

stage renal disease (ESRD). Kidney Int 1985; 
28(1): 1-5. 

9. Zachee P, Vermylen J, Boogaerts MA. 
Hematologic aspects of end-stage renal failure. 
Ann Hematol 1994; 69: 33-40. 

10. Locatelli F, Pozzoni P, Del Vecchio L. 
Recombinant human epoetin beta in the 
treatment of renal anaemia. Ther Clin Risk 
Manag 2007; 3(3):433-439. 

11. Eschbach JW Jr, Funk D, Adamson J, Kuhn I, 
Scribner BH, Finch CA. Erythropoiesis in 
patients with renal failure undergoing chronic 
dialysis. N Engl J Med 1967; 276: 653-658. 

12. 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; 
2008:1761-1771. 

13. 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: 
1-7. 

14. Stenvinkel P, Ketteler M, Johnson RJ, 
Lindholm B, Pecoits-Filho R, Riella M, 
Heimburger O, Cederholm T, Girndt M. IL-
10, IL-6, and TNF-α: Central factors in the 
altered cytokine network of uremia-the good, 
the bad, and the ugly, Kidney International 
2005; 67:1216-1233. 

15. Herbelin A, Urena P, Nguyen AT et al. 
Elevated circulating level of interleukin-6 in 
patients with chronic renal failure. Kidney Int 
1991; 39: 954-960. 

16. Cavaillon JM, Poignet JL, Fitting C et al. Serum 
interleukin-6 in long-term haemodialysed 
patients. Nephron 1992; 60: 307-313. 

17. Vardhan-Raj S, Zhou X, Bueso-Ramos CE, 
Patel S, Benjamin RS, Nguyen M. Interleukin-



The Nigerian Health Journal; Volume 25, Issue 1 – March, 2025 
Assessment of red cell parameters and interleukin-6 level in chronic kidney disease patients in Sokoto, 
North-west Nigeria. Imoru M et al 

 

 
 
The Nigerian Health Journal, Volume 25, Issue 1  
Published by The Nigerian Medical Association, Rivers State Branch. 
Downloaded from www.tnhjph.com  
Print ISSN: 0189-9287 Online ISSN: 2992-345X   69 

6, hepcidin and other biomarkers in anaemia of 
chronic disease and chemotherapy induced 
anaemia (CIA): potential therapeutic targets. 
Blood 2012; 120(21): 2086. 
https://doi.org/10.1182/blood.V120.21.2086.208
6 

18. Akchurin O, Patimo E, Dalal V, Meza K, Batia 
D, Brovender S, Zhu Y-S, Cunningham-
Rundles S, Perelstein E, Kumar J, Rivella S, 
Choi ME. Interleukin-6 contributes to the 
development of anaemia in Juvenile CKD. 
Kidney International Reports 2019; 4: 470-483. 

19. Akokuwebe ME, Idemudia ES. Prevalence and 
knowledge of kidney disease risk factors 
among Nigerians resident in Lagos State 
metropolitan district South-west Nigeria. 
Annals of African Medicine 2023; 22(1): 18-32.  

20. Naing L, Winn T, Rusli BN. Practical issues in 
calculating the sample size for the prevalence 
studies. Arch Orofacial Sci 2006; 1 9-14. 

21. Iyawe IO, Adejumo OA. Hematological profile 
of predialysis chronic kidney disease patients in 
tertiary hospital in Southern Nigeria. Journal of 
Medicine in the Tropics 2018; 20(1): 36-41. 

22. Ahmed J, Khan MT, Hameed B. 
Hematological profile in patients with chronic 
kidney disease in Pakistan: a cross-sectional 
research study. Journal of the Egyptian Society 
of Nephrology and Transplantation 2021; 
21(1): 57-63. 

23. Pecoits-Filho R, Heimburger O, Barany P, 
Suliman M, Fehrman-Ekholm I, Lindholm B 
et al. Associations between circulating 
inflammatory markers and residual renal 
function in CRF patients. Am J Kidney Dis 
2003; 41: 1212-1218. 

24. Gupta J, Mitra N, Kanetsky PA, Devaney J, 
Wing MR, Reilly M et al. CRIC study 
investigation: Association between 
albuminuria, kidney function and 
inflammatory biomarker profile in CKD in 
CRIC. Clin J Am Soc Nephrol 2012; 7: 1938-
1946. 

25. Ferrari P, Mallon D, Trinder D, Olynyk JK. 
Pentoxifylline improves haemoglobin and 
interleukin-6 levels in chronic kidney disease. 
Nephrology (Carlton) 2010; 15(3): 344-349. 

 

 


