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Abstract

Methods 

Background

Results

Background and objectives: There have been no studies regarding on the differential associations of

hepcidin and iron indexes with anemia, according to the severity of anemia and kidney function in non-

dialysis chronic kidney disease (CKD) patients.

Methods: We used baseline data of a multicenter prospective cohort study. After excluding 561 patients

who have used erythropoietin stimulating agents or iron, or who are missing data on hemoglobin, hepcidin

or iron metabolism, 1677 patients were included for the analysis.

Results: In multivariate logistic regression, serum ferritin was not associated with anemia, while serum

levels of TSAT and hepcidin-25 were significantly associated with anemia. In patients with estimated

glomerular filtration rate (eGFR) ≥45 ml/min/1.73m2, only serum TSAT was associated with hemoglobin

< 13 g/dl (OR 0.96, P < 0.001) and hemoglobin <11.5 g/dl (OR 0.96, P = 0.019), whereas only serum

hepcidin-25 was related to hemoglobin <11.5 g/dl (OR 1.03, P < 0.001) and hemoglobin <10.0g/dl (OR

1.03, P = 0.002) in patients with eGFR <45 ml/min/1.73m2. The predictive power of TSAT for anemia was

larger than those of hepcidin-25 and ferritin in patients with eGFR ≥45 ml/min/1.73m2, while the

predictive power of hepcidin-25 for anemia was the largest among the three studied factors, particularly in

patients with eGFR <45 ml/min/1.73m2.

Conclusion: Only TSAT and hepcidin were associated with anemia in patients with preserved and

decreased kidney function, respectively, while ferritin was not related to anemia in non-dialysis CKD

patients. Hepcidin-related anemia was more severe than anemia associated with TSAT.

BP, blood pressure; CKD, chronic kidney disease; BUN, blood urea nitrogen; eGFR, estimated glomerular filtration rate; TSAT, transferrin saturation; CRP, C-

reactive protein; UPCR, urine protein-to-creatinine ratio. Values are expressed as mean ± standard deviation for continuous variables and percentage for categorical 

variables. When there are missing values, the total numbers of patients for each variable is expressed in parenthesis. The missing rates of all variables were less than 

5.0%. * meant variables with non-normal distribution which are expressed as median (interquartile range). 

➢ Recently, iron metabolism has been highlighted as an another factor in anemia of CKD.

➢ However, the role of iron indexes (TSAT and ferritin) in anemia of CKD has been doubtful.

➢ Hepcidin can be a better biomarker in anemia of CKD than conventional iron indexes since it is more

fundamental.
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Patients
▪ Participants of KNOW-CKD cohort enrolled during 2011-2016

Definition
▪ eGFR by MDRD equation

▪ Hepcidin by cELISA

▪ Anemia defined by <13g/dl; <11.5 g/dl;<10.0g/dl

Statistical analysis
▪ Univariate analysis: chi-square test, One-way ANOVA

▪ Multivariate analysis: Logistic regression analysis

▪ Comparative study: Delong`s test for AUC comparison, Category-free NRI

Association between the serum levels of hepcidin-25 and iron
indexes and the several thresholds of anemia

Hb, hemoglobin; ESA, erythropoietin stimulating agents; OR, odds ratio; CI, confidence interval; eGFR, estimated glomerular filtration rate; TSAT, 

transferrin saturation. 

Adjusted OR and its CI were calculated by multivariate logistic regression analysis. The references of TSAT, ferritin and hepcidin-25 were per 1%, per 10 

ng/ml, and per 1 ng/ml increase. The unit of eGFR was ml/min/1.73m2. Variables associated with anemia defined by several thresholds of hemoglobin 

levels in univariate logistic regression (age, sex, high income, body mass index, fasting glucose, systolic blood pressure, estimated glomerular filtration 

rate, total bilirubin, albumin, and urine protein-to-creatinine ratio) were chosen as covariates along with white blood cells and C-reactive protein.

Area under the receiver operator curve of serum levels of hepcidin-
25 and iron indexes for anemia defined by several Hb thresholds.

Conclusion

❖ Only TSAT and hepcidin were associated with anemia in patients
with preserved and decreased kidney function, respectively.

❖ Ferritin was not related to anemia in non-dialysis CKD patients.

❖ Hepcidin-related anemia was more severe than anemia associated
with TSAT.
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Whole patients eGFR≥45 eGFR <45

O: Hb <13.0g/dl O: Hb <13.0g/dl

O: Hb <11.5g/dl

O: Hb <13.0g/dl

O: Hb <11.5g/dl O: Hb <11.5g/dl

O: Hb <10.0g/dlO: Hb <10.0g/dlO: Hb <10.0g/dl

O, outcome; eGFR, estimated glomerular filtration rate; Hb, hemoglobin. Red, blue and black lines designated serum hepcidin-25 levels, transferrin 

saturation and ferritin, respectively. Columns and rows represented total or subgroup by kidney function and anemia defined by several Hb thresholds, 

respectively. 

Net reclassification improvement between serum levels of hepcidin-
25 and iron indexes for the several thresholds of anemia

Baseline characteristics of the study participants
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