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ABSTRACT:  

Background: Chronic kidney disease (CKD) patients with anemia often experience iron 

deficiency, which can be classified as functional or absolute, complicating management strategies. 

Inflammation, marked by elevated C-reactive protein (CRP) levels, plays a crucial role in 

functional iron deficiency by altering iron metabolism and availability.  

Objectives: To determine the occurrence of functional (FID) and absolute iron deficiency (AID) in 

CKD patients with anemia and their association with CRP levels.  

Methods: This was a comparative, analytical cross-sectional study conducted in the Department of 

General Medicine and Nephrology among CKD patients between July 2023 and December 2024. 

Haemoglobin levels were measured, and patients classified into functional or absolute iron 

deficiency based on transferrin saturation (TSAT) and ferritin levels, and CRP levels measured in 

both groups. Analysis was done using Stata v16.  

Results: Among the 100 participants, 85% had TSAT levels below 20%, with 58.8% classified as 

having FID and 41.2% as having AID. Haemoglobin levels were comparable between the groups 

(8.3 g/dL vs. 8.2 g/dL, p = 0.759). Serum creatinine and blood urea levels showed no significant 

differences between the groups. However, serum ferritin levels were significantly higher in the 

functional iron deficiency group (144.4 ng/dL vs. 20.7 ng/dL, p < 0.001), while serum iron, TIBC, 

and TSAT were similar. CRP levels were significantly elevated in the FID group (50.8 mg/L vs. 

34.6 mg/L, p = 0.010), indicating a stronger inflammatory response. CRP levels showed a 

significant negative correlation with haemoglobin (r = -0.341, p = 0.001) and a positive 

correlation with ferritin (r = 0.288, p = 0.004), suggesting an inflammatory influence on iron 

metabolism. ROC analysis demonstrated that CRP >41.0 mg/L had moderate discriminatory 

power for predicting FID (AUC = 0.663, p = 0.011).  

Conclusion: This study highlights the significant role of inflammation in functional iron 

deficiency among CKD patients with anemia, as evidenced by elevated CRP levels and their 

association with ferritin and haemoglobin. 
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INTRODUCTION 

  Chronic kidney disease (CKD) is a global 

public health concern, affecting approximately 9.1% of 

the global population,(1) with its prevalence increasing 

due to aging populations and rising incidences of 

diabetes and hypertension.(2) Anemia is a frequent and 

serious complication of CKD, particularly in later 

stages, contributing to increased morbidity, reduced 

quality of life, and higher cardiovascular risks.(3) 

Anemia in CKD is primarily attributed to inadequate 

erythropoietin production by the failing kidneys, but 

iron deficiency also plays a critical role in its 

pathophysiology.(4) 

  Iron deficiency in CKD can be classified into 

two forms: absolute and functional iron deficiency.(5) 

Absolute iron deficiency occurs when iron stores are 

depleted, reflected by low serum ferritin levels and low 

transferrin saturation (TSAT), leading to reduced 

haemoglobin synthesis.(6) Functional iron deficiency, 

on the other hand, occurs when iron stores are adequate 

or elevated, but its mobilization for erythropoiesis is 

impaired due to increased levels of hepcidin, a liver-

derived hormone regulated by inflammation.(7) 

Hepcidin inhibits iron absorption from the gut and iron 

release from macrophages and hepatocytes by 

degrading ferroportin, the only known cellular iron 

exporter.(8) 

  C-reactive protein (CRP) is a well-established 

inflammatory marker frequently elevated in CKD 

patients due to chronic inflammation, oxidative stress, 

and comorbid conditions such as infections and 

cardiovascular diseases.(9, 10) Inflammation, as 

indicated by elevated CRP levels, has been shown to be 

strongly associated with functional iron deficiency by 

promoting hepcidin synthesis, thereby impairing iron 

availability for erythropoiesis despite sufficient iron 

stores.(11) The interplay between inflammation, iron 

metabolism, and anemia in CKD is complex and poorly 

understood, necessitating further investigation into the 

association between CRP levels and different forms of 

iron deficiency in CKD patients with anemia.(12) 

Against this background, this study primarily aimed to 

assess the occurrence of functional and absolute iron 

deficiency in anemic CKD patients and their association 

with CRP levels, while also examining demographic 

and clinical characteristics, comparing iron deficiency 

types, and evaluating their relationship with CRP levels. 

MATERIALS AND METHODS 

  This was a hospital based, comparative, 

analytical cross-sectional study conducted in the 

outpatient department and/or inpatient wards of the 

Department of General Medicine and Nephrology, 

Aarupadai Veedu Medical College and Hospital, 

Puducherry, India for a duration of 18 months between 

July 2023 and December 2024. The study was approved 

by the Institutional Human Ethics Committee (IHEC) 

with reference number AV/IHEC/2023/057 dated 

25/05/2023. The participants were given the Participant 

Information Sheet (PIS) in their native language, and its 

contents were verbally explained to ensure their 

understanding and satisfaction. Enrolment into the study 

proceeded upon receipt of written informed consent. 

Patients more than or equal to 18 years of age, of both 

gender, diagnosed with CKD according to the National 

Kidney Foundation – Kidney Disease Outcomes Quality 

Initiative (NKF KDOQI) guidelines, with anemia, 

defined as haemoglobin levels <12 g/dL for women and 

<13 g/dL for men were included. However, patients 

with acute infections; history of cancer or autoimmune 

diseases; history of liver disease or gastrointestinal 

bleeding; history of blood transfusions within the past 6 

months; history of iron or erythropoiesis-stimulating 

agent (ESA) therapy within the past 3 months; pregnant 

or breastfeeding women; on haemodialysis; and with 

other types of anemia were excluded.  

  The sample size was calculated based on an 

expected anemia prevalence of 86.7% in CKD 

patients,(13) with a 7% relative precision and a 95% 

confidence level (Z = 1.96), resulting in a minimum 

required sample size of 100 participants. We used 

nonprobability sampling technique – purposive 

sampling/consecutive enumeration to enrol patients. 

Haemoglobin levels were measured in all recruited 

CKD patients to confirm the presence of anemia. 

Following this, demographic and clinical data, including 

relevant medical history and laboratory findings, were 

collected. Iron studies were performed on all anaemic 

patients, which included the assessment of serum iron, 

total iron-binding capacity, transferrin, and ferritin 

levels. Based on these iron study results anaemic CKD 
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patients were classified into two groups: functional iron 

deficiency (transferrin saturation <20% and ferritin 

100–500 ng/mL)(14) and absolute iron deficiency 

(transferrin saturation <20% and ferritin less than 

100 ng/mL)(15). CRP levels were then measured in both 

groups. 

Statistical analysis: The data collected was manually 

entered in Microsoft Excel, coded, recoded, and 

analysed using Software for Statistics and Data Science 

(Stata) v16 (StataCorp, 2019). Descriptive analysis was 

presented using numbers and percentages for 

categorical variables; mean and standard deviation (SD) 

for continuous variables (based on data normality tested 

using Kolmogorov–Smirnov test and the Shapiro–Wilk 

test). Appropriate graphs were used. Chi square test of 

significance (two-sided) for categorial and independent 

‘t’ tests (two-sided) for continuous variables was 

applied to test for association between independent and 

dependent study variables. Pearsons’s correlation 

coefficient was estimated to assess the correlation 

between CRP levels and independent study variables. 

Receiver operating characteristics (ROC) analysis was 

conducted to determine the area under the curve of CRP 

levels to predict functional iron deficiency. Statistical 

significance was considered at p<0.05. 

RESULTS 

  The study included 100 participants with a 

mean age of 55.2 years (SD: 11.9), the majority (63%) 

aged between 31 and 60 years, and 34% above 60 years. 

Males comprised 56% of the study population. Diabetes 

was prevalent in 82% of patients, while hypertension 

was observed in 57%. None had liver disease, received 

iron supplements, or were on dialysis. The mean 

haemoglobin level was 8.4 g/dL (SD: 1.6), and serum 

creatinine averaged 5.8 mg/dL (SD: 3.2). Blood urea 

had a mean value of 96.3 mg/dL (SD: 44.7). Iron study 

parameters showed a mean serum ferritin level of 82.0 

ng/dL (SD: 67.8), serum iron of 31.3 µg/dL (SD: 13.4), 

total iron-binding capacity of 509.9 µg/dL (SD: 87.1), 

and transferrin saturation of 17.5% (SD: 8.2). C-reactive 

protein (CRP) levels averaged 38.5 mg/L (SD: 28.2). 

The majority (85%) had transferrin saturation below 

20%. Regarding iron deficiency classification, 58.8% 

had functional iron deficiency, while 41.2% had 

absolute iron deficiency. 

  The comparison between functional and 

absolute iron deficiency groups revealed no significant 

differences in demographic characteristics, including 

age, gender, diabetes, and hypertension status. The 

mean haemoglobin levels were comparable between the 

two groups (8.3 g/dL vs. 8.2 g/dL, p = 0.759). Similarly, 

serum creatinine, blood urea, serum iron, total iron-

binding capacity, and transferrin saturation levels did 

not show significant variations. However, serum ferritin 

was significantly higher in the functional iron 

deficiency group (144.4 ng/dL vs. 20.7 ng/dL, p < 

0.001). Additionally, C-reactive protein (CRP) levels 

were significantly elevated in patients with functional 

iron deficiency compared to those with absolute iron 

deficiency (50.8 mg/L vs. 34.6 mg/L, p = 0.010), 

suggesting a potential association between 

inflammation and functional iron deficiency. 

  The correlation analysis between CRP levels 

and various laboratory parameters revealed a significant 

negative correlation with haemoglobin levels (rp = -

0.341, p = 0.001), indicating that higher CRP levels 

were associated with lower haemoglobin levels. Serum 

ferritin levels showed a significant positive correlation 

with CRP (rp = 0.288, p = 0.004), suggesting an 

association between increased inflammation and 

elevated ferritin levels. Serum creatinine exhibited a 

weak positive correlation with CRP levels (rp = 0.189), 

but this was not statistically significant (p = 0.060). 

Similarly, blood urea levels showed no significant 

correlation with CRP (rp = 0.034, p = 0.739). Serum 

iron levels had a weak negative correlation with CRP 

(rp = -0.095, p = 0.346), while TIBC had a weak 

positive correlation (rp = 0.061, p = 0.547), neither of 

which were statistically significant. Transferrin 

saturation also demonstrated a weak negative 

correlation with CRP (rp = -0.183), but this was not 

statistically significant (p = 0.069). 

  The ROC analysis evaluating the predictive 

ability of CRP levels for functional iron deficiency 

demonstrated an AUC of 0.663 (95% CI: 0.549–0.778), 

indicating a moderate discriminatory power. The 

optimal CRP cutoff value for predicting functional iron 

deficiency was determined to be >41.0 mg/L, with a 

sensitivity of 60.0% and a specificity of 65.7%. The 

association was statistically significant (p = 0.011). 

http://www.jchr.org/


Journal of Chemical Health Risks 

www.jchr.org 

JCHR (2025) 15(4), 1407-1416 | ISSN:2251-6727 

  

 

1410 

DISCUSSION 

  The present study aimed to investigate the 

occurrence of functional and absolute iron deficiency 

and their association with CRP levels in chronic kidney 

disease patients with anemia. Among the 100 

participants, 85% had transferrin saturation levels below 

20%, with functional iron deficiency (58.8%) being 

more common than absolute iron deficiency (41.2%). 

This high prevalence of iron deficiency aligns with 

previous findings that anemia in CKD patients is often 

multifactorial, with iron metabolism playing a crucial 

role.(16) The mean age of patients with functional and 

absolute iron deficiency did not significantly differ, and 

the age distribution across both groups was similar, 

reinforcing that both types of iron deficiency affect 

CKD patients across different age groups. Gender 

distribution was identical in both groups (60% male, 

40% female), indicating no significant gender 

predisposition to functional or absolute iron deficiency 

in CKD patients. These findings contrast with some 

prior studies suggesting that male CKD patients may 

have a higher risk of iron deficiency due to increased 

erythropoiesis demand and inflammation.(12) However, 

in this study, the equal distribution suggests that other 

factors, such as inflammation and ESA therapy, may 

play a more significant role. Diabetes was present in 

86% of functional iron deficiency patients and 82.9% of 

absolute iron deficiency patients, with no significant 

difference. Hypertension was observed in 60% of both 

groups. These findings are consistent with studies 

indicating that diabetes and hypertension are the leading 

causes of CKD and contribute to the development of 

anemia through inflammatory mechanisms, increased 

oxidative stress, and erythropoietin resistance.(17) 

Given the similar distribution of these comorbidities in 

both iron deficiency groups, their presence does not 

seem to be a distinguishing factor between functional 

and absolute iron deficiency in CKD patients. 

  The mean haemoglobin levels were 8.3 g/dL in 

the functional iron deficiency group and 8.2 g/dL in the 

absolute iron deficiency group, with no significant 

difference. These values indicate moderate anemia, 

which is expected in CKD patients.(18) The lack of 

significant differences suggests that both iron deficiency 

types contribute similarly to anemia severity. Serum 

creatinine levels were slightly higher in the absolute 

iron deficiency group (6.6 mg/dL) compared to the 

functional iron deficiency group (5.7 mg/dL), though 

not statistically significant. This trend may indicate that 

worsening kidney function is more associated with 

absolute iron deficiency, as reduced kidney function can 

impair erythropoiesis and iron utilization.(19) However, 

given the lack of statistical significance, further studies 

with larger sample sizes are needed to confirm this 

trend. Blood urea levels were similar in both groups, 

reinforcing that iron deficiency subtypes do not 

distinctly impact nitrogenous waste accumulation. This 

finding is in agreement with prior research indicating 

that uraemia does not directly differentiate between 

functional and absolute iron deficiency but rather 

affects overall anemia progression.(20) 

  Serum ferritin levels were significantly higher 

in the functional iron deficiency group (144.4 ng/dL) 

compared to the absolute iron deficiency group (20.7 

ng/dL, p < 0.001). This is expected, as ferritin serves as 

an acute-phase reactant and is elevated in inflammation, 

even in the presence of iron-restricted 

erythropoiesis.(18) Absolute iron deficiency, 

characterized by low ferritin levels, occurs due to true 

iron depletion, which explains the stark contrast in 

ferritin levels between the two groups. Serum iron 

levels were slightly higher in the functional iron 

deficiency group (32.7 µg/dL) compared to the absolute 

iron deficiency group (29.0 µg/dL), though the 

difference was not statistically significant (p = 0.222). 

Similarly, TIBC was comparable between groups. These 

findings align with previous studies that suggest 

functional iron deficiency is not characterized by overt 

iron depletion but rather by impaired iron availability 

due to inflammation-induced hepcidin elevation.(21) 

  Transferrin saturation was identical in both 

groups (14.6%), reinforcing that this parameter alone 

does not differentiate between functional and absolute 

iron deficiency in CKD patients. Similar findings have 

been reported in studies indicating that transferrin 

saturation levels remain consistently low in both 

conditions due to limited iron availability for 

erythropoiesis, whether due to depletion (absolute 

deficiency) or inflammatory sequestration (functional 

deficiency).(22) 
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  CRP levels were significantly higher in the 

functional iron deficiency group (mean = 50.8 mg/L) 

compared to the absolute iron deficiency group (mean = 

34.6 mg/L, p = 0.010). This finding supports the 

concept that functional iron deficiency is closely linked 

to inflammation, as inflammatory states elevate 

hepcidin levels, restricting iron availability for 

erythropoiesis despite adequate iron stores.(18) The 

significantly lower CRP levels in the absolute iron 

deficiency group suggest that true iron depletion is less 

influenced by systemic inflammation, reinforcing the 

pathophysiological distinction between these two types 

of iron deficiency.(19) The strong association between 

CRP and functional iron deficiency aligns with previous 

research highlighting the role of inflammation in 

anemia management. Bárány et al.(23) (2001) 

emphasized that inflammatory cytokines, particularly 

interleukin-6 (IL-6), stimulate hepcidin production, 

leading to iron sequestration in macrophages and 

hepatocytes. This process reduces iron bioavailability 

for erythropoiesis, a hallmark of functional iron 

deficiency. Given these findings, elevated CRP can 

serve as an indirect marker of inflammation-driven iron 

restriction in CKD patients.  

  A significant negative correlation was 

observed between CRP levels and haemoglobin levels 

(rp = -0.341, p = 0.001), indicating that higher CRP 

levels were associated with lower haemoglobin levels. 

This finding is consistent with prior studies suggesting 

that inflammation suppresses erythropoiesis through 

increased hepcidin production and reduced 

erythropoietin responsiveness.(24) Panichi et al.(25) 

(2001) demonstrated that inflammatory markers such as 

CRP and IL-6 negatively correlate with renal function 

and haemoglobin levels, further supporting the present 

study’s results. Inflammation not only limits iron 

availability but also impairs erythropoietin production 

and erythroid progenitor cell proliferation, exacerbating 

anemia in CKD patients. Serum ferritin levels showed a 

significant positive correlation with CRP (rp = 0.288, p 

= 0.004), suggesting that inflammation contributes to 

elevated ferritin levels. This finding is expected, as 

ferritin is an acute-phase reactant that increases in 

response to inflammation. The positive association 

between CRP and ferritin has been well documented in 

CKD patients, as inflammatory states cause increased 

hepatic ferritin synthesis, complicating the 

interpretation of iron status.(23) In functional iron 

deficiency, ferritin levels remain elevated despite iron-

restricted erythropoiesis, leading to a paradox where 

high ferritin does not necessarily indicate adequate iron 

availability. Elmenyawi et al.(26) (2017) observed a 

similar relationship, where CKD patients undergoing 

haemodialysis exhibited elevated ferritin levels despite 

concomitant anemia and iron deficiency. This 

underscores the necessity of incorporating inflammatory 

markers like CRP when assessing iron status in CKD 

patients, as relying solely on ferritin may lead to 

misleading interpretations. 

  Serum iron levels showed a weak negative 

correlation with CRP (rp = -0.095, p = 0.346), and 

TIBC exhibited a weak positive correlation (rp = 0.061, 

p = 0.547), neither of which were statistically 

significant. These findings are consistent with previous 

studies indicating that inflammation-mediated iron 

sequestration does not always manifest as significant 

changes in serum iron or TIBC levels.(24) Instead, 

inflammatory suppression of iron release from 

macrophages and hepatocytes primarily impacts iron 

utilization rather than systemic iron concentrations. 

Transferrin saturation also demonstrated a weak 

negative correlation with CRP (rp = -0.183, p = 0.069), 

though not statistically significant. This suggests that 

while inflammation may reduce iron availability, 

transferrin saturation alone may not be a strong 

predictor of inflammation-driven iron restriction in 

CKD patients. 

  The ROC analysis evaluating CRP as a 

predictor of functional iron deficiency demonstrated an 

AUC of 0.663 (95% CI: 0.549–0.778), indicating a 

moderate discriminatory power. The optimal CRP cutoff 

value for predicting functional iron deficiency was 

determined to be >41.0 mg/L, with a sensitivity of 

60.0% and specificity of 65.7% (p = 0.011). This 

suggests that while CRP alone is not a perfect 

diagnostic tool, it can provide valuable insights into the 

likelihood of functional iron deficiency in CKD 

patients. These findings align with Pramugaria et al.(27) 

(2020), who examined CRP as a potential marker for 

inflammation-driven anemia and reported similar 

moderate predictive capabilities. Given that functional 
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iron deficiency is driven by inflammatory processes, 

incorporating CRP measurement in clinical practice 

could help refine anemia management strategies. 

However, due to its moderate sensitivity and specificity, 

CRP should be used alongside other biomarkers, such as 

hepcidin, to enhance diagnostic accuracy. 

  The present study has several limitations that 

should be considered when interpreting the findings. 

First, the cross-sectional design prevents the 

establishment of causal relationships between 

inflammation, iron deficiency, and anemia in CKD 

patients. A longitudinal study would be necessary to 

assess the temporal dynamics of these associations. 

Second, the study was conducted at a single centre 

which may limit the generalizability of the results to 

broader CKD populations with diverse demographic 

and clinical characteristics. Third, while CRP was used 

as a marker of inflammation, other inflammatory 

markers such as IL-6 and hepcidin were not assessed, 

which could have provided a more comprehensive 

understanding of the mechanisms underlying functional 

iron deficiency. Additionally, the study did not evaluate 

erythropoietin levels, which play a crucial role in 

anemia management and could have further clarified the 

interaction between inflammation and erythropoiesis. 

Finally, potential confounding factors such as 

nutritional status and medication use were not 

extensively analysed, which may have impacted the 

study outcomes. 

CONCLUSION 

  The findings highlight that functional iron 

deficiency is more prevalent than absolute iron 

deficiency in this population, with significantly higher 

CRP and ferritin levels, reinforcing the role of 

inflammation in disrupting iron metabolism. The study 

also establishes a significant negative correlation 

between CRP and haemoglobin levels, further 

emphasizing the impact of inflammation on anemia 

severity. Moreover, the ROC analysis suggests that CRP 

levels above 41.0 mg/L can serve as a potential 

indicator of functional iron deficiency, offering a useful 

clinical tool for distinguishing between iron deficiency 

subtypes in CKD patients. However, due to its moderate 

sensitivity and specificity, CRP should be used 

alongside other biomarkers, such as hepcidin, to 

enhance diagnostic accuracy. 

REFERENCES 

1. Global, regional, and national burden of 

chronic kidney disease, 1990-2017: a 

systematic analysis for the Global Burden of 

Disease Study 2017. Lancet. 

2020;395(10225):709-33. 

2. Jaques DA, Vollenweider P, Bochud M, Ponte 

B. Aging and hypertension in kidney function 

decline: A 10 year population-based study. 

Front Cardiovasc Med. 2022;9:1035313. 

3. Eschbach JW, Adamson JW. Anemia of end-

stage renal disease (ESRD). Kidney Int. 

1985;28(1):1-5. 

4. 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;5(8):100677. 

5. Kazmi S, Zarovniaeva V, Cortez Perez K, 

Sandhu S, Anwar S, Mohammed L. Iron-

Deficiency Anemia in Chronic Kidney 

Disease: A Literature Review of Its 

Pathophysiology, Diagnosis, and Management. 

Cureus. 2025;17(1):e77598. 

6. Fishbane S, Pollack S, Feldman HI, Joffe MM. 

Iron indices in chronic kidney disease in the 

National Health and Nutritional Examination 

Survey 1988-2004. Clin J Am Soc Nephrol. 

2009;4(1):57-61. 

7. Batchelor EK, Kapitsinou P, Pergola PE, 

Kovesdy CP, Jalal DI. Iron Deficiency in 

Chronic Kidney Disease: Updates on 

Pathophysiology, Diagnosis, and Treatment. J 

Am Soc Nephrol. 2020;31(3):456-68. 

8. Babitt JL, Lin HY. Molecular mechanisms of 

hepcidin regulation: implications for the 

anemia of CKD. Am J Kidney Dis. 

2010;55(4):726-41. 

9. Rapa SF, Di Iorio BR, Campiglia P, Heidland 

A, Marzocco S. Inflammation and Oxidative 

Stress in Chronic Kidney Disease-Potential 

http://www.jchr.org/


Journal of Chemical Health Risks 

www.jchr.org 

JCHR (2025) 15(4), 1407-1416 | ISSN:2251-6727 

  

 

1413 

Therapeutic Role of Minerals, Vitamins and 

Plant-Derived Metabolites. Int J Mol Sci. 

2019;21(1). 

10. Sproston NR, Ashworth JJ. Role of C-Reactive 

Protein at Sites of Inflammation and Infection. 

Front Immunol. 2018;9:754. 

11. Ganz T, Nemeth E. Iron Balance and the Role 

of Hepcidin in Chronic Kidney Disease. Semin 

Nephrol. 2016;36(2):87-93. 

12. Begum S, Latunde-Dada GO. Anemia of 

Inflammation with An Emphasis on Chronic 

Kidney Disease. Nutrients. 2019;11(10). 

13. Kaze AD, Ilori T, Jaar BG, Echouffo-Tcheugui 

JB. Burden of chronic kidney disease on the 

African continent: a systematic review and 

meta-analysis. BMC Nephrol. 2018;19(1):125. 

14. Gong W, Huang J, Zhu T, Lin S, Hao C, Zhang 

M. Functional iron deficiency anemia was 

associated with higher mortality in chronic 

kidney disease patients: the NHANES III 

follow-up study. Ren Fail. 

2023;45(2):2290926. 

15. II. Clinical practice guidelines and clinical 

practice recommendations for anemia in 

chronic kidney disease in adults. Am J Kidney 

Dis. 2006;47(5 Suppl 3):S16-85. 

16. Zadrazil J, Horak P. Pathophysiology of 

anemia in chronic kidney diseases: A review. 

Biomed Pap Med Fac Univ Palacky Olomouc 

Czech Repub. 2015;159(2):197-202. 

17. Mehdi U, Toto RD. Anemia, diabetes, and 

chronic kidney disease. Diabetes Care. 

2009;32(7):1320-6. 

18. Ueda N, Takasawa K. Impact of Inflammation 

on Ferritin, Hepcidin and the Management of 

Iron Deficiency Anemia in Chronic Kidney 

Disease. Nutrients. 2018;10(9). 

19. Putera EM, Widodo W, Mardiana N. C-

reactive protein and hepcidin in non-dialysis 

chronic kidney disease. Indonesian Journal of 

Tropical and Infectious Disease. 

2020;8(3):161. 

20. Jung HL. Absolute versus functional iron 

deficiency. Clin Exp Pediatr. 2025;68(2):138-

40. 

21. D'Angelo G. Role of hepcidin in the 

pathophysiology and diagnosis of anemia. 

Blood Res. 2013;48(1):10-5. 

22. Matsuoka T, Abe M, Kobayashi H. Iron 

Metabolism and Inflammatory Mediators in 

Patients with Renal Dysfunction. International 

Journal of Molecular Sciences [Internet]. 2024; 

25(7). 

23. Bárány P. Inflammation, serum C‐reactive 

protein, and erythropoietin resistance. 

Nephrology Dialysis Transplantation. 

2001;16(2):224-7. 

24. Owen WF. C-reactive protein as an outcome 

predictor for maintenance hemodialysis 

patients. Kidney International. 1998;54(2):627-

36. 

25. Panichi V, Migliori M, De Pietro S, Taccola D, 

Bianchi AM, Norpoth M, et al. C REACTIVE 

PROTEIN IN PATIENTS WITH CHRONIC 

RENAL DISEASES. Renal Failure. 

2001;23(3-4):551-62. 

26. Elmenyawi AA, Hassan A, Said SA, Sawar S. 

Relationship between hepcidin, ferritin and C-

reactive protein in hemodialysis patients. The 

Egyptian Journal of Hospital Medicine. 

2017;69(2):1786-93. 

27. Pramugaria EL, Tjempakasari A, Ashariati A. 

Correlation of C-Reactive Protein and 

Reticulocyte Hemoglobin Equivalent in 

Chronic Kidney Disease with Iron Deficiency 

Anemia. International Journal of 

Pharmaceutical Research (09752366). 

2020;12(3). 

 

 

http://www.jchr.org/


Journal of Chemical Health Risks 

www.jchr.org 

JCHR (2025) 15(4), 1407-1416 | ISSN:2251-6727 

  

 

1414 

Table 1: Sociodemographic, clinical and laboratory parameters among CKD patients with anemia 

 Frequency (N = 100) Percentage 

(n) (%) 

Age (in years), Mean (SD) 55.2 (11.9) 

Age (in years) <30 3 3.0 

31 to 60 63 63.0 

>60 34 34.0 

Gender  Male 56 56.0 

Female 44 44.0 

Diabetes  Present 82 82.0 

Absent 18 18.0 

Hypertension  Present 57 57.0 

Absent 43 43.0 

Liver diseases Present 0 0.0 

Absent 100 100 

Iron supplements  Taken 0 0.0 

Not taken 100 100 

Dialysis Present 0 0.0 

Absent 100 100 

Laboratory parameters 

Haemoglobin (g/dL), Mean (SD) 8.4 (1.6) 

Serum creatinine (mg/dL), Mean (SD) 5.8 (3.2) 

Blood urea (mg/dL), Mean (SD) 96.3 (44.7) 

Serum ferritin (ng/dL), Mean (SD) 82.0 (67.8) 

Serum iron (µg/dL), Mean (SD) 31.3 (13.4) 

Total iron binding capacity (µg/dL), Mean (SD) 509.9 (87.1) 

Transferrin saturation (%),Mean (SD) 17.5 (8.2) 

C-reactive protein (mg/L), Mean (SD) 38.5 (28.2) 

Transferrin saturation 

(%) 

Less than 20 85 85.0 

>20 15 15.0 

Type of iron deficiency Functional  50 58.8 

Absolute 35 41.2 

SD, Standard deviation 
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Table 2: Association between demographic, clinical and laboratory parameters and type of iron deficiency 

 Iron deficiency P value 

Functional 

N = 50 

Absolute 

N = 35 

n (%) n (%) 

Age (in years), Mean (SD) 55.3 (11.4) 54.8 (12.5) 0.845 

Age (in years) <30 1 (2.0) 2 (5.7) 0.658 

31 to 60 33 (66.0) 22 (62.9) 

>60 16 (32.0) 11 (31.4) 

Gender  Male  30 (60.0) 21 (60.0) 1.000 

Female 20 (40.0) 14 (40.0) 

Diabetes  Present  43 (86.0) 29 (82.9) 0.692 

Absent 7 (14.0) 6 (17.1) 

Hypertension  Present  30 (60.0) 21 (60.0) 1.000 

Absent 20 (40.0) 14 (40.0) 

Haemoglobin (g/dL), Mean (SD) 8.3 (1.6) 8.2 (1.7) 0.759 

Serum creatinine (mg/dL), Mean (SD) 5.7 (3.0) 6.6 (3.4) 0.174 

Blood urea (mg/dL), Mean (SD) 97.7 (43.8) 100.3 (38.7) 0.778 

Serum ferritin (ng/dL), Mean (SD) 144.4 (30.5) 20.7 (22.0) <0.001* 

Serum iron (µg/dL), Mean (SD) 32.7 (12.9) 29.0 (14.9) 0.222 

Total iron binding capacity (µg/dL), Mean (SD) 514.9 (93.1) 525.4 (80.3) 0.592 

Transferrin saturation (%),Mean (SD) 14.6 (4.3) 14.6 (3.3) 0.955 

C-reactive protein (mg/L), Mean (SD) 50.8 (30.7) 34.6 (22.4) 0.010* 

*Statistically significant at p<0.05 

SD, Standard deviation 

 

Table 3: Correlation between CRP levels and other laboratory parameters 

 Pearson’s correlation coefficient 

(rp) 

P value 

Haemoglobin (g/dL) -0.341 0.001* 

Serum creatinine (mg/dL) 0.189 0.060 

Blood urea (mg/dL) 0.034 0.739 

Serum ferritin (ng/dL) 0.288 0.004* 
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Serum iron (µg/dL) -0.095 0.346 

Total iron binding capacity (µg/dL) 0.061 0.547 

Transferrin saturation (%) -0.183 0.069 

*Statistically significant at p<0.05 

 

Table 4: ROC analysis showing area under the curve of CRP levels to predict functional iron deficiency 

 AUC (95% 

CI) 

Cut off Sensitivity (%) Specificity (%) P value 

Functional iron 

deficiency 

0.663 (0.549 to 

0.778) 

>41.0 60.0 65.7 0.011* 

*Statistically significant at p<0.05 

AUC, Area under the curve; CI, Confidence interval 

 

 

Figure 1: ROC analysis showing area under the curve of CRP levels to predict functional iron deficiency 
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