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Study of anemia in nondialysis dependent chronic kidney
disease with special reference to serum hepcidin

H. Goyal, S. Mohanty, M. Sharma’, A. Rani?
Departments of Medicine, 'Hematology and 2Biochemistry, VMMC and Safdarjung Hospital, New Delhi, India

ABSTRACT

We studied the role of serum hepcidin in anemia of chronic kidney disease (CKD) in a hospital-based cross-sectional study.
Serum hepcidin, ferritin, and high-sensitivity C-reactive protein (hsCRP) levels were evaluated in patients of CKD. Hepcidin levels
were increased in patients as compared to healthy adults. Hepcidin levels increased as CKD progressed through stage 3-5 (P
trend = 0.015) but did not correlate with estimated glomerular filtration rate. Hepcidin correlated positively with ferritin (P < 0.0001)
and transferrin saturation (TSAT) (P = 0.0217) and negatively with erythropoietin (EPO) levels (P = 0.0258) but did not correlate
with either hsCRP or estimated glomerular filtration rate. Iron status influenced hepcidin levels of patients. Patients were divided
according to iron status on the basis of TSAT and serum ferritin levels. We observed that while absolute iron deficiency (transferrin
saturation <20%, ferritin <40 ng/ml) is associated with downregulation of hepcidin, hepcidin is elevated in other two categories of
CKD patients (P = 0.0039). Iron status of patients also influenced interaction between hepcidin and hemoglobin (Hb). Hepcidin
correlated negatively with Hb in patients with sufficient iron status (r= -0.7452, P < 0.0001) but nearly correlated positively with
Hb in patients with absolute iron deficiency (r = 0.9428, P = 0.0572). Almost similar association persisted when cutoff value for
serum ferritin was raised to 100 ng/ml as per NKF/KDOQI 2006 clinical practice guidelines except that no association was observed
in absolute iron deficiency category. Cutoff value for hepcidin for differentiating absolute iron deficiency from other categories in
our study population is < 34 ng/ml (area under curve = 0.836, P < 0.0001). In conclusion, serum hepcidin level is increased in
nondialysis CKD patients as compared to healthy adults possibly due to associated inflammation and decreased renal clearance.
Furthermore, iron status modifies hepcidin level and its association with Hb. Raised hepcidin can predict the need for parenteral
iron therapy and need for higher dose of recombinant human EPO to overcome iron-restricted erythropoiesis.
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to ESAs are emerging. It has been hypothesized that
inflammation may play an important role in anemia of
CKD. 5

Introduction

The global prevalence of chronic kidney disease (CKD)
is 8-16%." Anemia is a major complication of CKD.

The major cause of anemia in CKD is erythropoietin  Although serum ferritin and transferrin saturation (TSAT)

(EPO) deficiency.’?®! Thus, anemia management in
CKD patients currently revolves around the use of
erythropoiesis-stimulating agent (ESA) and supplement
iron."®! However, hyporesponsiveness and resistance
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are commonly used as biomarkers for iron status in
CKD patients, these markers are not sensitive enough
to distinguish functional iron deficiency from iron
overload.™®

Recently, hepcidin, an acute phase reactant protein
produced in the liver, is thought to be a central regulator
of body iron metabolism."”# Hepcidin controls the plasma
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iron concentration by inhibiting iron export by ferroportin
from enterocytes and macrophages.” Hence, increased
hepcidin production leads to decrease in plasma iron
concentration and to iron-restricted erythropoiesis.!”
Hepcidin expression is upregulated by inflammation"
and iron loading™? and downregulated by erythropoietic
activity.1®1% Studies of humans with chronic infection
and severe inflammatory disease have shown markedly
elevated levels of hepcidin, strongly suggesting that
hepcidin level plays a key role in the anemia of
inflammation and reticuloendothelial blockade.!™"

Researchers have in recent past tried to look into
factors influencing hepcidin and its association with
hemoglobin (Hb) in CKD.":14

Subjects and Methods

We did a hospital-based cross-sectional observational
study conducted at Vardhaman Mahavir Medical College
and Safdarjung Hospital, New Delhi. Study was conducted
on 100 adult CKD patients attending the department
of internal medicine and nephrology of VMMC and
Safdarjung Hospital. Patients >18 years both male
and female with diagnosis of nondialysis-dependent
CKD (stage 3-5) with anemia were included. Whereas
patients on renal replacement therapy (hemodialysis,
peritoneal dialysis, and kidney transplant), parenteral
iron therapy within preceding 6 months, EPO therapy
in preceding 2 weeks, with evidence of active bleeding
or evidence of active infection, who have received
blood transfusion within past 6 months, with previously
diagnosed case of nonrenal causes of anemia except
iron deficiency anemia and prediagnosed comorbidities
such as malignancy, end-stage liver disease, and collagen
vascular disease (systemic lupus erythematosus and
rheumatoid arthritis) were excluded from our study.
Furthermore, 30 age-sex-matched healthy adults were
taken up for a study to determine serum hepcidin levels
in adult Indian population.

A written informed consent and Institution’s Ethics
Committee clearance was obtained before recruitment
of the participants for the study. All the participants
were subjected to detailed history, thorough physical
examination and investigation. Laboratory investigation
included complete blood count with peripheral smear,
absolute reticulocyte count, serum iron profile, serum
B12 and folic acid, serum EPO level, serum hepcidin,
high-sensitivity C-reactive protein (hsCRP), kidney function
test, liver function test, plasma glucose, and HbAlc.
Diagnosis and staging of CKD were done as per National
Kidney Foundation/Kidney Disease Outcome Quality
Initiative (NKF/KDOQI) 2002 classification criteria and

estimated glomerular filtration rate (eGFR) was calculated
using 4-variable modification of diet in renal diseases
equation. Anemia in CKD was defined as Hb <13 g/dl
in males and <12 g/dl in females as per KDIGO 20121
clinical practice guidelines. The blood sample was collected
by venipuncture. For complete blood count, blood was
collected in ethylenediaminetetraacetic acid coated
vacutainers. Serum was obtained by centrifuging the blood
at 3000 rpm for 10 min after clot formation. Serum was
then stored at —80°C. Blood was collected into iron free
tubes for iron studies. hsCRP is measured by CRP ultra
EIA kit manufactured by Xema co, Ltd., Moscow, Russia.
C-reactive protein was estimated quantitatively using
solid phase ultrasensitive enzyme immunoassay. This
test is based on two-site sandwich enzyme immunoassay
principle. The expected upper limit of hsCRP using the
provided kit in healthy individuals is 5.0 mg/L.

Hepcidin-25 was estimated using Diagnosis-Related
Group (DRG) hepcidin-25 (bioactive) enzyme-linked
immunosorbent assay (ELISA) kit, a solid phase ELISA,
based on the principle of competitive binding. The legal
manufacturer of kit is DRG instruments, Germany. The
expected normal values provide by the manufacturer is
10.1 ng/ml with a 97.5 percentile of 39.3 ng/ml. Normal
values of hepcidin-25 in Indian population is not known,
so we also took thirty healthy adults to estimate normal
values of serum hepcidin in Indian population. Estimation
of serum EPO was done using immunoassay method
using Beckman Coulter®, Access immunoassay system,
manufactured by Beckman Coulter, Inc., CA, USA. The
expected normal values are 2.59-18.50 mIU/ml.

Statistical analysis

Baseline characteristics were assessed with standard
descriptive statistics. eGFR was examined both on a
continuous scale and also categorically using the National
Kidney Foundation stage system. Categorical variables
were presented in number and percentage (%), and
continuous variables were presented as mean * standard
deviation and median with interquartile range (IQR)
(as applicable). Normality of data was tested by
Kolmogorov—-Smirnov test. If the normality was rejected
then nonparametric test was used. Quantitative
variables were compared using independent t-test and
Mann-Whitney test (for nonparametric data) between
two groups. Qualitative variables were compared using
Chi-square test/Fisher’s exact test. Pearson correlation
coefficient was used to find association between
various variables. For Nonparametric data, i.e., eGFR,
serum ferritin, serum hepcidin, and serum EPO, log of
data was used to find out the correlation. To examine
the trend of each parameter across the CKD stages,
the Jonckheere-Terpstra trend test and the Cochran—
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Armitage test were used. Quantitative variables were
correlated by the Spearman rank test.

Multivariate regression analysis was performed to
examine the relationship between various parameters
after adjusting for confounders. The data were entered
in MS EXCEL spreadsheet, and analysis was done using
Statistical Package for Social Sciences (SPSS) version 21.0,
manufactured by International Business Machine (IBM).
P < 0.05 was considered statistically significant.

Results

Mean age of patients enrolled was 42.21 + 14.7 years out
of which 51% (n = 51) were males. About 72% (n = 72)
patients in our study were hypertensives and 22% (n = 22)
were diabetic. All the patients in our study were on oral
iron therapy and were EPO free. Mean Hb concentration
of our study population was 7.99 =+ 1.42 g/dl. Normocytic
normochromic anemia (63%, n = 63) followed by a
microcytic hypochromic anemia (22%, n = 22) were
the common types. Median serum hepcidin levels were
significantly high in patients 60 (IQR 25-80) ng/ml
as compared to age- and sex-matched healthy adults
19 (IQR [9-26]) ng/ml in controls (P < 0.05).

Majority of patients in our study had undetermined
etiology (42%, n = 42). In the patients with identified cause,
diabetic nephropathy was most common (22%, n = 22),
followed by chronic glomerulonephritis (18%, n = 18),
hypertensive kidney disease (12%, n = 12), and polycystic
kidney disease (6%, n = 6). Causes were determined
based on clinical and biochemical parameters and not
based on renal biopsy.

The stage-wise clinical and laboratory profile of patients
in the study are as per Table 1. About 20% (n = 20),
39% (n = 39), and 41% (n = 49) of the study
population belonged to stage-3, stage-4, and stage-5 CKD,
respectively. Hb level decreased, and serum hepcidin level
increased significantly as CKD progressed through stage
3-5 (P trend = 0.00000, 0.01511, respectively).

Predictors of log-normalized serum hepcidin-25 level
Factors determining hepcidin 25 were studied using
univariate and multivariate regression analysis. The
univariate model (not shown) showed log normalized
hepcidin positively correlated with log normalized
ferritin (r = 0.6712, P < 0.0001) and percentage
TSAT (r = 0.224, P = 0.0249) and negatively with log
normalized serum EPO levels (r = —0.208, P = 0.0377),
whereas it did not correlate with either eGFR or hsCRP
On applying multiple regression analysis [Table 2], the
positive correlation between hepcidin and ferritin as well

as hepcidin and TSAT persisted in the multivariate model.
Multiple regression analysis also showed a significant
negative correlation between hepcidin and EPO as
demonstrated by univariate model.

Predictors of hemoglobin in study population

Univariate analysis showed that Hb was negatively and
significantly associated with log normalized ferritin
(r = —0.3694, P = 0.0002) and log normalized hepcidin
(r = —0.4764, P < 0.0001) and positively and significantly
associated with eGFR (r = 0.553, P < 0.0001). However,
multiple regression analysis [Table 3] showed that Hb
was only significantly associated with log eGFR and not
with hepcidin or ferritin as suggested in univariate model.

Effect of iron status on hepcidin level and association
of hepcidin with hemoglobin in the study
population

To define the iron status in the study population, patients
were divided into categories based on % TSAT (%TSAT)
and ferritin together as follows: Absolute iron deficiency,
Functional iron deficiency, and Normal iron status. Cutoff
value for %TSAT and Ferritin were 20% and 40 ng/ml,
respectively, and was based on a recent study by Mercadal
et al."¥ Normal iron status, Functional iron deficiency,
and Absolute iron deficiency were defined as %TSAT =20
and Ferritin =40, %TSAT <20 and Ferritin =40, and
%TSAT <20 and Ferritin <40, respectively. Serum
hepcidin levels were significantly higher in patients
with normal iron status followed by functional iron
deficiency as compared to absolute iron deficiency
(70 vs. 45 vs. 17.5, P = 0.0039) [Table 4]. Serum
hepcidin was downregulated in patients with absolute
iron deficiency. Furthermore, in our study, iron status
modified association between hepcidin and Hb [Table 5].
There was significant negative correlation between
hepcidin and Hb in patients with normal iron status
(r = —0.7452, P < 0.0001) and near positive correlation
in patients with absolute iron deficiency (r = 0.9428,
P = 0.0572). Almost similar association persisted when
cutoff value for serum ferritin was raised to 100 ng/ml
as per NKF/KDOQI 20067 clinical practice guidelines
for starting iron therapy in nondialysis CKD patients
except that no correlation was found in the absolute
iron deficiency category [Tables 6 and 7]. The serum
hepcidin levels were significantly higher in patients with
normal iron status followed by functional iron deficiency
as compared to absolute iron deficiency (79 vs. 60 vs.
23, P < 0.0001). Furthermore, significant negative
correlation was observed between hepcidin and Hb in
patients with sufficient iron store (P < 0.0001).

We also determined cutoff value for hepcidin to
differentiate between absolute iron deficiency from
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Table 1: Clinical characteristics and laboratory parameters according to chronic kidney disease stage

Clinical characteristics Mean+SD/median (IQR) P trend
and laboratory parameters CKD stage 3 (n=20) CKD stage 4 (n=39) CKD stage 5 (n=41)
Age (years) 38.45+13.33 41.82+£15.35 44.42+14.63 0.13253
Sex (%)

Female 11 (55.00) 21 (53.85) 17 (41.46) 0.452

Male 9 (45.00) 18 (46.15) 24 (58.54)
BP diastolic (mmHg) 81.8+8.31 83.69+7.5 81.76+7.26 0.503
BP systolic (mmHg) 133.3+16.82 135.44+18.38 131.46+15.45 0.835
Comorbidities (%)

Hypertension 10 (50.00) 27 (69.23) 35 (85.37) 0.014

Diabetes 5 (25.00) 8 (20.51) 9 (21.95) 0.925
Drug intake (%)

ACE inhibitor/ARB 80.00 30.77 17.07 0.000

Oral iron 100 100 100
Hb (g/dl) 9.34+1.05 8.24+0.97 7.1+£1.35 0.00000
MCV (fl) 88.8 (81.9-92.75) 92 (85.6-95.975) 88.9 (86.275-94.4) 0.42587
Reticulocyte (%) 1.55 (1.090-2.175) 1.61 (1.230-2.178) 1.86 (1.2-2.213) 0.3984
Serum creatinine (mg/dl) 1.95 (1.65-2.25) 3.2(2.5-3.3) 5.6 (4.775-8.8) 0.00000
eGFR (ml/min/1.73 m?) 33 (31.5-36) 19 (16-22) 10 (5-11) 0.00000
Serum albumin (g/dl) 3.3 (2.9-3.75) 3.6 (3.2-4.2) 3.6 (3.2-4.2) 0.148
ESR (mm/h) 46.8+12.31 47.9+16.33 52.07+14.88 0.16709
Serum iron (ug/dl) 60 (60-90) 60 (60-90) 90 (52.5-90) 0.91087
TIBC (ug/dl) 337.5 (315-382.5) 360 (315-405) 360 (303.75-450) 0.25613
Ferritin (ng/ml) 145.2 (62-295) 151.3 (67.65-340.3) 176.7 (125.75-371.45) 0.08241
TSAT (%) 21.16+7.22 20.35+9.55 21.04+11.06 0.79147
Serum EPO (mIU/ml) 12.29 (6.785-26.595) 16.21 (9.62-27.747) 11.16 (5.817-25.352) 0.37040
Hepcidin (ng/ml) 44 (17-72.5) 45 (23.5-79) 65 (44.5-102.5) 0.01511
hsCRP (mg/l) 34.74+16.31 32.54+19.75 30.24+18.96 0.22246
Serum folate (ng/ml) 18.7 (11.265-22.535) 25 (12.275-25) 23.3 (14.65-25) 0.1382
Serum Vitamin B12 (pg/ml) 703 (395-1500) 570 (441.25-1500) 932 (468.5-1500) 0.3798

eGFR in (ml/min/1.73 m2). Number of patients with hypertension increased as CKD progressed from Stage 3 to Stage 5, also less number of patients were taking
ACE inhibitor/ARB as severity of CKD increased. Hb: Hemoglobin, SBP: Systolic blood pressure (in mmHg), DBP: Diastolic blood pressure (in mmHg), P/C: Platelet
count (in lacs/mm?), TIBC: Total iron binding capacity, EPO: Erythropoietin, mIU: Million International Units, TSAT: Transferrin saturation, TLC: Total leucocyte
count, MCV: Mean corpuscular volume, eGFR: Estimated glomerular filtration rate, ACE: Angiotensin-converting enzyme, ARB: Angiotensin Il receptor blocker,
hsCRP: High-sensitivity C-reactive protein, CKD: Chronic kidney disease, SD: Standard deviation, IQR: Interquartile range

Table 2: Predictors of log normalized serum hepcidin-25
level (multivariate model)

Predictors Coefficient=SE P
Age (years) -0.001442+0.001872 0.4432
Sex -0.03847+0.05648 0.4975

-0.06971+0.08916 0.4363
0.0001875+0.001431 0.896

Log EGF (log ml/min/m2)
hsCRP (mg/l)

Log ferritin (log ng/ml) 0.5662+0.06469 <0.0001
Log serum EPO (log mIU) -0.1354+0.05972 0.0258
TSAT (%) 0.006589+0.002821 0.0217
RP-adjusted 0.4976

hsCRP: High-sensitivity C-reactive protein, mIU: Million International Units,
TSAT: Transferrin saturation, EPO: Erythropoietin, EGF: Estimated glomerular
filtration, SE: Standard error

Table 3: Predictors of hemoglobin in study population
(multivariate model)

Predictors Coefficient=SE P
Age -0.001626+0.007663 0.8324
Sex 0.2574+0.2341 0.2744
Log eGFR 2.2591+0.3748 <0.0001
Log serum EPO 0.1279+0.2639 0.6291
Log hepcidin -2.4725+1.2834 0.0572
Log ferritin -1.3901+1.059 0.1926
TSAT -0.001939+0.01212 0.8732
Interaction-term 0.6344+0.593 0.2875
R2-adjusted 0.4323

EPO: Erythropoietin, eGFR: Estimated glomerular filtration rate, TSAT: Transferrin
saturation, SE: Standard error

Table 4: Median hepcidin in (ng/ml) and number of
patients (in parenthesis) according to iron status
(Mercadel et al.)

Iron status

Ferritin <40 and TSAT <20 (n=4)
Ferritin =40 and TSAT <20 (n=46)
Ferritin =40 and TSAT =20 (n=46) 70 (48.000-80.000)
Ferritin <40 and TSAT =20 (n=4) 18.75 (3.450-50.000)
IQR: Interquartile range, TSAT: Transferrin saturation

Median (IQR) P
17.5 (15.000-22.500) 0.0039
45 (25.000-80.000)

Table 5: Correlation between log hepcidin and hemoglobin
according to iron status categories (Mercadel et al.)

Iron status Correlation Significance
coefficient R level (P)
Ferritin <40 and TSAT <20 (n=4) 0.9428 0.0572
Ferritin =40 and TSAT <20 (n=46) -0.1683 0.2634
Ferritin =40 and TSAT =20 (n=46) -0.7452 <0.0001

TSAT: Transferrin saturation

other types of iron status in our study population. Taking
serum ferritin <40 ng/ml as gold standard for absolute
iron deficiency, we constructed receiver operating
characteristic (ROC) curve and calculated area under
curve (AUC). Cutoff value for serum hepcidin was
<34 ng/ml (AUC = 0.836, P < 0.0001). Nondialysis
CKD patients with serum hepcidin >34 ng/ml
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Table 6: Median hepcidin in (ng/ml) and number

of patients (in parenthesis) according to iron

status (Kidney Disease Outcome Quality Initiative 2006)
Iron status Median (IQR) P
Ferritin <100 and TSAT <20 (n=16) 23 (15.000-30.000) <0.0001
Ferritin <100 and TSAT >20 (n=14) 23 (16.000-34.000)

Ferritin >100 and TSAT <20 (n=39) 60 (34.000-80.000)

Ferritin >100 and TSAT >20 (n=31) 79 (69.250-87.500)

IQR: Interquartile range, TSAT: Transferrin saturation

Table 7: Correlation between log hepcidin and
hemoglobin according to iron status categories (Kidney
Disease Outcome Quality Initiative 2006)

Iron status Correlation Significance
coefficient R level (P)
Ferritin >100 and TSAT >20% -0.506 0.0031
Ferritin <100 and TSAT <20% -0.2543 0.3605
Ferritin >100 and TSAT <20% -0.1296 0.4381

TSAT: Transferrin saturation

have very low probability of having absolute iron
deficiency [Figure 1].

Discussion

Differentiating EPO hypo- or unresponsiveness due to
iron-restricted erythropoiesis resulting from inflammation
from absolute iron deficiency is one of the major concerns
in the management of anemia in CKD patients. Hepcidin,
an acute phase reactant is currently thought to be the
major regulator of iron homeostasis, and according
to several recent studies have the potential to provide
information beyond iron profile. In our study, we
assessed the role of serum hepcidin in anemia of CKD.
Furthermore, we tried to find out whether iron status of
the patient modifies the association between hepcidin and
Hb. Median serum hepcidin level was significantly higher
in patients as compared to age- and sex-matched healthy
adults in controls. Hepcidin levels followed an increasing
trend through stages 3-5 which was significant.

On multivariate analysis, no association was found
between serum hepcidin-25 level and eGFR. Our
observation is similar to two earlier studied.”'®) However,
several earlier studies have also demonstrated association
between hepcidin and GFR.1*1%20 These contradictory
results could be due to difference in methods used to
assay hepcidin. Hepcidin measurement is based on
either mass-spectrometry or antibody-mediated hepcidin
detection. Competitive radioimmunoassays and ELISA
tests have been developed for antibody-based methods.
It is reported that hepcidin level measured by various
methods vary considerably?!! and that immunochemical
assays lack the sensitivity to distinguish hepcidin-25
from hepcidin-20 and -22.12% Furthermore, difference in
sample size and inherent difference in study population

HEPCIDIN

100

Sensitivity: 87.5 .
Specificity: 68.5 |
Criterion : <34

80

60

40
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20
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100-Specificity

Figure 1: Receiver operating characteristic curve for calculation of hepcidin
cutoff P < 0.0001

might have contributed to the difference. Furthermore,
hepcidin correlated positively with ferritin and %TSAT
and negatively with EPO level in our study population.
Positive correlation of hepcidin and ferritin has been
shown by previous other studies.”>'41819) The positive
correlation between hepcidin and TSAT and negative
correlation between hepcidin and EPO in our study is in
accordance with the study by Mercadal et al."'#

In our study, only eGFR was found to be a significant
predictor of Hb level. Hb level decreased as CKD
progressed through stage 3-5. No association was found
between Hb and hepcidin as well as Hb and ferritin. Two
earlier studies®?% also did not found any association
between hepcidin and Hb. However, in a recent study by
Uehata et al.,'! there was a negative correlation between
Hb and hepcidin and log-normalized hepcidin was a
significant predictor of Hb concentration in the study
population. These conflicting results may be attributed
to difference in iron status of the population studied,
difference in inflammatory state or sample size.

On the basis of serum ferritin and %TSAT patients in
the study population were divided into different groups,
i.e., normal iron status, functional iron deficiency,
and absolute iron deficiency. Cutoff values for %TSAT
and ferritin were based on a recent study conducted
by Mercadal et al."¥ Two indices were used to divide
study population into various iron status categories
as described earlier. We found that median hepcidin
levels were significantly higher in patients with normal
iron status, followed by relative iron deficiency as
compared to absolute iron deficiency. This finding was
in accordance with study conducted by Mercadal et al.*¥
showing that hepcidin was raised in patients with
anemia in CKD with normal iron status and functional
iron deficiency but was downregulated in patients with
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absolute iron deficiency. Furthermore, in our study,
relation between hepcidin and Hb varied according to
iron status. There was a significant negative correlation
between hepcidin and Hb in patients with normal iron
status and near positive correlation in patients with
absolute iron deficiency. Only 4% patients in the study
population had absolute iron deficiency, and this may
be responsible for lack of absolute significance in this
category. Above association almost persisted when
cutoff value for serum ferritin was raised to 100 ng/ml
except that there was no correlation between hepcidin
and Hb in absolute iron deficiency group. Our findings
are quite similar to the study conducted by Mercadal
et al." who showed that in absolute iron deficiency
group Hb decreased with hepcidin. On the contrary,
in patients with functional iron deficiency, anemia is
related to increased hepcidin level. In this study, using
ferritin instead of combined iron marker produced
similar results for the relation between hepcidin and
Hb. Furthermore, in another study by Ueheta et al.,"”
hepcidin was negatively correlated with Hb in high
ferritin (=91 ng/ml) group indicating that ferritin
modifies association between hepcidin and Hb. Reason
for negative association between hepcidin and Hb in
patients with sufficient iron store is multifactorial.
Raised hepcidin level inhibits iron absorption from gut
and iron recycling from macrophages leading to limited
iron availability for erythropoiesis. As erythropoiesis is
suppressed in CKD due to decreased EPO level, hepcidin
production is also not suppressed. Furthermore, as CKD
is currently is being considered as an inflammatory state
per se, leads to upregulation of hepcidin. However, no
apparent correlation was found in our study between
inflammatory marker hsCRP and hepcidin possibly due
to exclusion of patients with active infection in this
study. Furthermore, in the study by Ueheta et al.,””! no
apparent correlation was observed between hepcidin
and inflammatory markers.

Although we have estimated cutoff value for hepcidin
in our study population to differentiate absolute iron
deficiency from other categories, it may have limitation
due to diurnal variation and high intrapatient coefficient
of variation for hepcidin.!*!

However, our study has potential limitations due to its
cross-sectional design, small sample size, and hepcidin
measurement method.

Conclusion

Our study highlights that median hepcidin value is
elevated in nondialysis CKD patients as compared to

healthy adults possibly due to increased inflammation
and decreased clearance of hepcidin. Furthermore, iron
status modifies serum hepcidin level and its association
with Hb. Increased hepcidin level leads to iron-restricted
erythropoiesis and recombinant human EPO (rhEPO)
resistance by inhibiting iron absorption from gut and
iron recycling from macrophages. Hence, elevated
hepcidin can predict need for parenteral iron to overcome
hepcidin-mediated iron-restricted erythropoiesis and
need for relatively higher rhEPO doses to suppress
hepcidin. However, deciding cutoff value for hepcidin
from single estimation to differentiate between absolute
iron deficiency and functional iron deficiency is a major
issue due to diurnal variation and high intrapatient
coefficient of variation for hepcidin. As hepcidin is also
a potential target for future therapy in management of
anemia of CKD unresponsive or hyporesponsive to ESAs
further longitudinal studies involving a large number of
CKD patients are needed to solve these issues.
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