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Abstract biomarker. These findings, from a sub-Saharan 
Anaemia and persistent inflammation are key African cohort, support integrated management 
complications of chronic kidney disease (CKD), strategies combining EPO therapy with 
contributing to adverse clinical outcomes. While inflammation monitoring to optimize outcomes.
erythropoietin (EPO) therapy is central to 
anaemia management ,  i ts  impact  on K e y w o r d s :  E r y t h r o p o i e t i n ,  C K D ,  
inflammatory pathways in sub-Saharan African Inflammation, TNF, Anaemia
populations is underexplored. This study 
assessed the hematologic and anti-inflammatory Introduction
effects of EPO in Nigerian CKD patients and Chronic kidney disease (CKD) is one of the 
identified predictors of poor outcomes. Eighty- major and a growing global health burden. It 
nine CKD patients were stratified into EPO- affect approximately 10% of the world? s 

population and contributes substantially to treated (EPO?; n = 53) and EPO-naïve (EPO?; n = 
morbidity, mortality, and healthcare costs (Abd 36) groups. Haematologic indices were 
ElHafeez et al., 2018). The increasing measured using an automated analyzer, and 
prevalence is attributed to the global rise in inflammatory markers [C-reactive protein 
diabetes mellitus, hypertension, and obesity, as (CRP), interleukin-6 (IL-6), tumor necrosis 
well as ongoing infectious diseases in low- and factor-alpha (TNF-á)] quantified by enzyme-
middle-income countries (Hill et al., 2016). In linked immunosorbent assay (ELISA). 
sub-Saharan Africa, CKD often manifest at early Statistical analyses (SPSS v26) included 
stages in life and at advanced stages, reflecting independen t - sample  t - t e s t s ,  Pea r son  
late diagnosis, low awareness, limited health correlations, and multiple regression analysis, 
insurance coverage, and restricted access to with significance at p < 0.05 were adopted. EPO? 
nephrology services (Okwuonu et al., 2017).patients had significantly higher haemoglobin 

and haematocrit (both p = 0.001) and lower CRP, 
CKD is defined by a gradual decline in renal IL-6, and TNF-á levels (p < 0.001). Severe 
function, with anemia recognized as a prevalent anaemia occurred only in the EPO? group. IL-6 
and clinically important complication (Babitt was the strongest predictor of adverse outcomes 
and Lin, 2012; Abd ElHafeez et al., 2018). The (â = 0.694, p < 0.001). IL-6 correlated inversely 
pathogenesis of anaemia in CKD is with RBC count (r = –0.445, p < 0.01) and 
multifactorial, including failure of kidney to positively with other inflammatory markers. 
synthesis enough erythropoietin (EPO), iron Hemoglobin correlated positively with RBC (r = 
dysregulation, a shorter lifespan for red blood 0.513, p < 0.001) and inversely with WBC count 

 
cells, and prolonged systemic inflammation(r = 0.443, p < 0.01). EPO therapy improves 
(Locatelli et al., 2015). Elevated inflammatory anemia and reduces systemic inflammation in 
mediators such as interleukin-6 (IL-6), tumor CKD, with IL-6 emerging as a critical prognostic 
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necrosis factor-alpha (TNF-á), and C-reactive Nigerian context. Findings are expected to 
protein (CRP) are frequently discovered even at a d v a n c e  u n d e r s t a n d i n g  o f  a n e m i a  
the early stage of the disease. Inflammation have pathophysiology in CKD, refine anemia 
been shown to suppress erythropoiesis, impair management strategies, and inform locally 
iron utilization, and reduce responsiveness to relevant health policies for resource-limited 
erythropoiesis-stimulating agents (ESAs) such settings.
as recombinant human EPO (Souma et al., 2015; 
Provenzano et al., 2021). However, the Methodology 
directionality of the inflammation anemia Study area
relationship remains incompletely understood. The samples was collected from consenting 

subjects attending the Bowen University Teaching 
EPO therapy is a cornerstone of CKD-related Hospital (BUTH), Ogbomosho, Oyo State. A 
anemia management, effectively improving tertiary health center, located in the south-western 
hemoglobin levels and reducing transfusion region of Nigeria. The hospital provides quality 
dependence (Cantarelli et al., 2019). Despite the health services to neighboring states like Osun, 
therapeutic success of EPO therapy, 10-30% of Kwara, Ekiti and Ondo states. BUTH has a bed 
patients exhibit EPO-hyporesponsiveness, often space capacity of about four hundred and fifty 
linked to persistent inflammation, infection, (450) and an admission rate of about twelve 
oxidative stress, hyperparathyroidism, thousand (12,000) patients per annum.
micronutrient deficiencies, and inadequate 
dialysis (Provenzano et al., 2021). EPO Study design
resistance is clinically important, as it is This study was a hospital-based, cross-sectional 
associated with poorer survival and heightened study carried out among consenting subjects. A 
cardiovascular risk (Cunningham et al., 2021). structured questionnaire and retrieval of data 
Understanding how inflammation interacts with from the participants’ record were the 
anemia severity and treatment response is, approaches adopted to gather socio-
therefore, essential for optimizing care. demographic and clinical data. This study was 

carried out between October 2023 and July 2024.
In Nigeria and much of sub-Saharan Africa, 
indigenous data on this interaction are scarce. Sample size calculation 
Local  populat ions  may have unique Sample size was calculated using the Cochrane 
pathophysiological profiles due to nutritional formula (Charan and Biswas, 2013). According 
deficits, high infectious disease burden, and to the author, the formula for calculating sample 
genetic predispositions (Oluyonbo et al., 2013). size for a quantitative case control study is as 
Moreover, most available studies do not shown below, the prevalence of CKD in Oyo 
distinguish between treatment-naïve CKD State was 4.2% (Afolabi et al., 2009). Therefore, 
patients and those already on EPO therapy, using the formula below
limiting insight into the modifying effects of 
treatment on inflammatory and haematologic 
profiles.

Z = standard normal variation, at type 1 error (p < /

This study addresses these gaps by comparing 0.05) it is 1.96
hemoglobin levels and inflammatory markers in P = the prevalence rate of CKD in South-west 
three cohorts: EPO-treated CKD patients, CKD Nigeria is 4.2% = 0.042.
patients not yet initiated on EPO, and healthy d = degree of accuracy = 5% = 0.05
controls. The objectives are to (i) clarify the Using the above formula, the sample size was 
relationship between inflammation and anemia calculated to be 80.
severity, (ii) determine whether EPO therapy 
attenuates systemic inflammation in CKD, and Inclusion and exclusion criteria
(iii) explore whether persistent inflammation All patients diagnosed with CKD within the 
contributes to EPO-hyporesponsiveness in the study period who were 18 years and above and 

SJMLS

 

SJMLS Volume 10, Number 3   September, 2025    Page 377



consented to participate were recruited. Whether (3.3%). Histories of diabetes and hypertension 
undergoing erythropoietin therapy due to anemia were more common in CKD groups than controls, 
associated with CKD or not. Those with active though not statistically significant. Dialysis 

+infections, autoimmune diseases, malignancies, history was significantly higher in EPO  (64.2%) 
-or any other chronic inflammatory disorders and EPO  (38.9%) groups compared with none in 

were excluded. Individuals who have received controls (p = 0.029).
blood transfusions or iron therapy within the past 
three months are also excluded. Furthermore, Comparative analysis of haematological and 
patients with uncontrolled hypertension, severe inflammatory between the studied groups

- +cardiovascular disease, or those undergoing Compared with EPO  patients, EPO  patients had 
dialysis at the time of enrollment are not significantly higher haemoglobin (p = 0.001), 
included. Pregnant or lactating women, as well haematocrit (p = 0.001), and MCH (p = 0.007), 
as individuals with a history of hypersensitivity but lower reticulocyte counts (p = 0.015). 
to erythropoiesis-stimulating agents, are also Inflammatory markers CRP, TNF, and IL-6 were 

+excluded. markedly reduced in the EPO  group (all p = 
0.001), while other haematological and renal 

Ethical clearance parameters showed no significant differences.
Ethical approval was obtained from the ethical 
review committee of BUTH with reference Impact of EPO therapy on hemoglobin and 
number BUTH/PRS/569T/626. The research was inflammatory markers
carried out in line with the ethics governing the use Analysis of categorical variables showed that 

+of human samples and in accordance with low hemoglobin was less prevalent in EPO  
-Helsinki declaration. Ethical practices such as patients (67.9%) compared with EPO  patients 

participant consent, confidentiality and safety (91.7%), (p = 0.008). Elevated CRP, IL-6, and 
laboratory practice was observed during the study. TNF levels were significantly less frequent in 

+
EPO  patients (3.8%, 1.9%, and 3.8%, 

-Statistical analysis respectively) than in EPO  patients (88.9%, 
Statistical analysis was carried out using the IBM 

38.9%, and 47.2%, respectively; all p ≤ 0.006).
SPSS version 25 (SPSS Inc. Chicago, IL USA). 
Quantitative and qualitative variables were 

The outcome of correlation and regression analysis 
presented as mean ± SEM and percentage 

Correlation analysis revealed significant 
respectively. P-values of < 0.05 were considered 

negative associations between haemoglobin and 
significant. Independent-sample t- test and 

IL-6, TNF, and CRP (all p < 0.001), while strong 
Fisher? s exact test was used for the comparison 

positive correlations were observed among 
of data and inferential statistics. Correlation and 

inflammatory markers (p < 0.001). Regression 
regression analysis was used to evaluate the 

analysis confirmed IL-6 (p = 0.019) and CRP (p 
relationship between the haematological and 

= 0.004) as significant negative predictors of 
inflammatory biomarkers.

haemoglobin, whereas TNF (â = 0.584, p = 
0.042) was a positive predictor, explaining 

Results
39.1% of variance in haemoglobin levels 

Demographic analysis of the participants
(adjusted R² = 0.365, p < 0.001).

A total of 119 participants were included: 30 
controls, 36 CKD patients not receiving 

Area under the curve and -erythropoietin (EPO ), and 53 CKD patients on 
ROC curve analysis showed that CRP and +

EPO therapy (EPO ). Mean age was highest in the hemoglobin  had the  most  favorable  +
EPO  group (57.34 ± 14.17 years) compared with discriminative profiles, demonstrating high -EPO  (51.37 ± 12.54 years) and controls (49.47 ± sensitivity across a broad range of specificities. 
12.54 years), with no significant differences in age IL-6 and TNF showed lower sensitivity at higher 
or gender distribution. Underweight BMI (< 18.5 specificity thresholds, indicating reduced 

+
kg/m²) was most frequent in EPO  patients predictive power compared with CRP.

-(50.9%), followed by EPO  (30.6%) and controls 
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Table 1: Demographic and clinical characteristics of the CKD participants

Characteristics   Control EPO- EPO+ p-value 

Frequency (%)  30 (100) 36 (40.4) 53 (59.6)  

Age range  49.47±12.54 51.37±12.54 57.34±14.17  

Age (years) 19 ?  30 05 (16.7) 3 (8.3) 02 (3.8) 0.426 

 31 ?  64 18 (60) 28 (77.8) 39 (73.6)  

 = 65 07 (23.3) 05 (13.9) 12 (22.6)  

Sex  Male 18 (60) 12 (33.3) 29 (54.7) 0.054 

 Female  12 (40) 24 (66.7) 24 (45.3)  

BMI (Kg/m2) < 18.5 01 (3.3) 11 (30.6) 27 (50.9) 0.096 

 18.5 - 24.9 25 (83.3) 24 (66.7) 23 (43.4)  

 25 – 29.9 04 (13.3) 1 (2.8) 03 (5.7)  

History of DM Positive  05 (16.7) 15 (41.7) 21 (39.6) 0.985 

 Negative  25 (83.3) 21 (58.3) 32 (60.4)  

History of HTN Positive  09 (30) 24 (66.7) 33 (62.3) 0.822 

 Negative  21 (70) 12 (33.3) 20 (37.7)  

History of dialysis  Positive   0 14 (38.9) 34 (64.2) 0.029* 

 Negative 30 (100) 22 (61.1) 19 (35.8)  

 
Frequency (%), BMI = body mass index, CKD = chronic kidney disease, EPO = erythropoietin, DM = 
diabetes mellitus, HTN = hypertension.
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Table 2: Comparison of hematological and inflammatory parameters between CKD patients 
with and without EPO therapy

Parameters EPO- 

n = 36 

EPO+ 

n = 53 

p-value 

Red blood cells count (x 1012/L) 3.22 ± 0.57 3.46 ± 0.82 0.191 

White blood cells count (x 109/L) 7.63 ± 3.16 6.46 ± 3.24 0.200 

Reticulocytes (cells/µL) 2.65 ± 0.23 2.42 ± 0.43 0.015* 

Haemoglobin (g/dL) 8.30 ± 1.02 9.60 ± 1.57 0.001* 

Haematocrit (%) 24.91 ± 3.06 28.91 ± 4.72 0.001* 

MCV (fL) 77.81 ± 4.79 78.79 ± 7.93 0.565 

MCH (Pg) 26.17 ± 1.58 27.58 ± 2.08 0.007* 

MCHC (g/dL) 33.83 ± 1.39 33.27 ± 1.89 0.214 

RDW (%) 15.71 ± 1.92 16.09 ± 2.39 0.515 

Platelet count (x 109/L) 170.9 ± 83.7 162.6 ± 83.3 0.706 

Creatinine (mg/dL) 7.83 ± 4.88 8.63 ± 4.73 0.548 

eGFR (mL/min/1.73) 20.98 ± 16.24 16.59 ± 13.19 0.523 

CRP (ng/mL) 125.75 ± 52.65 21.19 ± 7.73 0.001* 

TNF (ng/mL) 61.65 ± 34.63 13.80 ± 3.43 0.001* 

IL-6 (ng/mL) 26.30 ± 16.7 8.96 ± 3.98 0.001* 

 
The values are mean ± standard deviation, Independent-Sample T test was used to compare the means at p 
= 0.005, RDW = red cell distribution width, MCH = mean corpuscular hemoglobin, MCHC = mean 
corpuscular hemoglobin concentration, MCV = mean corpuscular volume, eGFR = estimated glomerular 
filtration rate, TNF = tissue necrosis factor, CRP = C-reactive protein, IL-6 = interleukin 6.

Table 3: The impact of EPO therapy on hemoglobin level and inflammatory parameters

Parameters                         Status  EPO-
 EPO+

 p-value 
Haemoglobin (g/dL)  Decreased  33 (91.7) 36 (67.9) 0.008* 

Normal  3 (8.3) 17 (32.1) 

CRP (ng/mL)  Elevated  32 (88.9) 2 (3.8) 0.000* 

Normal  4 (11.1) 51 (64.2) 

IL-6 (ng/mL)  Elevated  14 (38.9) 1 (1.9) 0.003* 

Normal  22 (61.1) 52 (98.1) 

TNF (ng/mL)  Elevated  17 (47.2) 2 (3.8) 0.006* 

Normal  19 (52.8) 51 (96.2) 

 
The values are finding (%). Fisher Exact Test was used to determine the significant of association 

thbetween the variables at p = 0.05 (95% confidence level) 10  percentile was used to define reduced 
th th

HBG level. On the other hand, the 75  percentile used for IL-6 and 90  percentile was adopted to 
determine elevated values in both TNF and CRP.
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Table 4: Correlation analysis between haemoglobin level and inflammatory parameters in CKD 
Patients

Correlation   IL-6  TNF CRP HBG 

IL-6  r   0.894 0.861 -0.681 

p  1  0.000** 0.000** 0.000** 

TNF  r  0.894   0.882 -0.640 

p  0.000**  1 0.000** 0.000** 

CRP  R  0.861  0.882  -0.688 

P  0.000**  0.000** 1 0.000** 

HBG  R  -0.681  -0.640 -0.688  

P  0.000**  0.000** 0.000** 1 

 
TNF = Tissue necrosis factor, CRP = C-reactive protein, IL-6 = Interleukin 6, HBG = Haemoglobin 
level, r = Pearson coefficient, p = significant value

Table 5: Regression analysis of HBG and Inflammatory markers

Predictors  Beta  Standard error T p-value 

IL-6  -0.625  0.042 -2.392 0.019 

TNF  0.584  0.020 2.067 0.042 

CRP  -0.564  0.007 -3.038 0.004 

 
IL-6 = interleukin 6, TNF = tissue necrosis factor, CRP = C-reactive protein

2
Model summary: R  = 0.391, Adjusted R = 0.365, F- statistic = 14.997, P < 0.001

Figure 1: ROC among CKD patients in BUTH
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Table 6: Area Under the Curve

Test Result 

Variable(s)  

Area Std. Errora Asymptotic Sig.b Asymptotic 95% Confidence Interval 

Lower Bound Upper Bound 

IL6 .156 .063 .000 .033 .280 

TNF .070 .039 .000 .000 .147 

CRP .010 .009 .000 .000 .027 

HBG .725 .069 .005 .590 .860 

 
The test result variable(s): IL6, TNF, CRP, HBG has at least one tie between the positive actual state 
group and the negative actual state group. Statistics may be biased.
a. Under the nonparametric assumption
b. Null hypothesis: true area = 0.5

Discussion statistically significant, possibly due to 
This study evaluated the demographic, variability in iron status, inflammation, or 
haematological, and inflammatory profiles of CKD comorbidities (Canterelli et al., 2019). A notable 
patients stratified by erythropoietin (EPO) therapy, finding was the significantly lower reticulocyte 
r e v e a l i n g  b o t h  h a e m a t o p o i e t i c  a n d  count in the EPO? group, possibly reflecting 
immunomodulatory benefits of treatment. As suppression of endogenous erythropoietic drive 
shown in Table 1, although EPO? participants once exogenous EPO achieves anemia 
tended to be older, age differences were not correction (Wang et al., 2020). The elevated 
statistically significant. The higher representation of MCH among EPO? patients suggests improved 
elderly patients in the EPO? group likely reflects the hemoglobin content per erythrocyte, indicative 
greater burden of anaemia in advanced CKD, of better iron utilization (Sangkhae and Nemeth, 
consistent with the known age-associated decline in 2017). Other red cell indices remained 
renal function, diminished endogenous EPO unaffected, consistent with literature indicating 
production, chronic inflammation, and nutrient that EPO mainly improves hemoglobin 
deficiencies that impair erythropoiesis (Moris et al., concentration without markedly altering red cell 
2017; Chukwuonye et al., 2018). The observed morphology (Fisher and Nemeth, 2017). 

Furthermore, a key observation from this study near-significant male predominance among EPO? 
was the markedly lower inflammatory burden in participants may indicate gender-related differences 
EPO-treated patients (Table 2). CRP, IL-6, and in disease progression, treatment access, or anaemia 
TNF-á were significantly elevated in untreated severity, as previously suggested in related 
patients, supporting the link between persistent epidemiological studies (Moris et al., 2017). 
inflammation, EPO resistance, and adverse CKD Nutritional status, as reflected by BMI, showed a 

.outcomes (Akhtar et al., 2023)  These results higher prevalence of underweight individuals in the 
reinforce growing evidence that EPO may exert EPO? group, suggestive of the catabolic state of 
anti-inflammatory effects, potentially via advanced CKD. 
downregulation of NF-êB signaling and 
mitigation of oxidative stress (Fujiwara et al., Haematological analysis (Table 2) confirmed 
2016; Lu et al., 2020). that EPO therapy significantly improved 

haemoglobin and haematocrit levels, aligning 
From Table 3, the outcome revealed that the with its established mechanism of action in 
proportion of patients with decreased hemoglobin correcting renal anaemia (Gupta et al., 2023). 
was markedly higher in the untreated group compared Interestingly, despite higher RBC counts in 
to those receiving EPO (91.7% vs. 67.9%), while a EPO-treated patients, differences were not 
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significantly greater percentage of treated patients cardiovascular disease, and other chronic 
achieved normal hemoglobin values (p = 0.008). This disorders. Thus, the observed improvements 
agrees with the findings of Locatelli et al. (2004) and underscore the therapeutic significance of EPO 
Macdougall (2001), who observed that recombinant not only in correcting anaemia but also in 
human EPO effectively corrects anemia in CKD mitigating systemic inflammation.
patients by enhancing erythropoiesis. Beyond 
hematopoietic correction, the sharp reduction in CRP While conventional inflammatory markers 
levels (88.9% vs. 3.8%) and the significant decline in showed limited diagnostic utility in this cohort, 
pro-inflammatory cytokines IL-6 and TNF among haemoglobin demonstrated moderate prognostic 
EPO-treated individuals reinforce evidence that EPO value. These findings advocate for integrated 
exerts anti-inflammatory actions. Panichi et al. (2001) anemia and inflammation management in CKD 
reported similar decreases in CRP with EPO therapy, and highlight the need for biomarker validation 
while Coletti et al. (2004) highlighted EPO? s in chronic inflammatory contexts.
capacity to downregulate IL-6 and TNF expression 
through modulation of nuclear factor-êB–mediated Recommendations
pathways. As revealed on table 4, the strong negative 1. Therapeutic Integration: EPO therapy 
correlation between IL-6 and RBC count, and positive should be routinely incorporated into the 
correlation between IL-6 and CRP, underscores IL-6's management of CKD-related anaemia, 
central role in inflammation-induced anaemia. particularly in moderate-to-severe cases.
Regression analyses (Table 5) identified IL-6, TNF-á, 2. Inflammation Monitoring: Regular 
and diabetes mellitus as significant predictors of assessment of inflammatory markers (CRP, 
adverse clinical outcomes, while reduced eGFR and IL-6, TNF-á) is recommended to guide 
RBC count were inversely associated, highlighting therapy and assess treatment efficacy.
the interplay between renal function, anaemia, and 3. Adjunctive Strategies: For EPO-resistant or 
inflammation (Taal et al., 2019). persistently inflamed patients, adjunct anti-

inflammatory interventions should be 
considered to optimize outcomes.Unexpectedly, ROC analysis (Figure 1) showed 

that IL-6, TNF-á, and CRP demonstrated poor 
Author’s contributiondiscriminatory power in this CKD cohort, in 
§Oyeleke O.K.:  Conceptualizat ion,  contrast to higher AUC values (Table 6) reported 

validation and editing of manuscriptin acute inflammatory conditions. This likely 
§Adedeji R.A.: Hematological analysis, reflects the chronic, low-grade inflammatory 

writing original manuscriptstate of CKD and overlapping biomarker 
§Suleiman I.E.: Data curation, biochemical elevations across groups (Mihai et al., 2018). 

and statistical analysis.Haemoglobin, however, achieved acceptable 
§Jimoh A.A.: Provision of reagent and discriminatory capacity, reinforcing its 

editing of manuscript.prognostic relevance in chronic disease contexts.
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