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Abstract

Background: Anaemia is a common presenting feature among patients with chronic kidney disease (CKD) and it is
associated with poor clinical outcomes and quality of life. It is not clear if growth differentiation factor-15 (GDF-15)
or hepcidin are useful as early markers of iron deficiency anaemia (IDA) among non-dialysis CKD patients. We
therefore evaluated the diagnostic validity of GDF-15 and hepcidin as biomarkers of IDA among non-dialysis CKD
patients in Johannesburg, South Africa.

Method: An analytic cross-sectional study was conducted among non-dialysis CKD patients (n = 312) and
apparently healthy controls (n = 184) from June to December 2016 at an Academic Hospital, in Johannesburg,
South Africa. An interviewer administered proforma was used to obtain the socio-biological and clinical
characteristics of the participants. Serum levels of GDF-15 and hepcidin were determined. Predictive logistic
regression models were built and post estimation receiver operator characteristics were determined to evaluate
diagnostic validity of hepcidin and GDF-15 for absolute and functional iron deficiency anaemia.
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Results: About half (50.6%) of the participants were female while the participants’ mean age was 49.7 ± 15.8 years.
The predictive value of diagnosing absolute IDA among CKD patients using GDF-15 was 74.02% (95% CI: 67.62–
80.42%) while the predictive value of diagnosing functional IDA among CKD patients using hepcidin was 70.1%
(95% CI: 62.79–77.49%).There was a weak negative correlation between hepcidin levels and GFR (r = − 0.19, p = 0.04)
in anaemic CKD patients, and between serum GDF-15 and haemoglobin (r = − 0.34, p = 0.001). Serum ferritin (β =
0.00389, P-value< 0.001), was a predictor of log hepcidin. MCHC (β = − 0.0220, P-value 0.005) and CKD stage (β =
0.4761, P-value < 0.001), race (β = 0.3429, P-value = 0.018) were predictors of log GDF-15. Both GDF-15 (adj OR:
1.0003, 95%CI: 1.0001–1.0005, P = 0.017) and hepcidin (adj OR: 1.003, 95%CI: 1.0004–1.0055, P = 0.023) were
associated with iron deficiency anaemia after multiple linear regression modelling.

Conclusion: Serum GDF-15 is a potential biomarker of absolute IDA, while hepcidin levels can predict functional
IDA among CKD patients.

Keywords: Absolute iron deficiency, Chronic kidney disease, Diagnostic test, Functional iron deficiency, GDF-15,
Hepcidin, Iron deficiency anaemia, South Africa, Utility, Validity test
Background
Anaemia is a common presenting feature among pa-
tients with chronic kidney disease (CKD) and is associ-
ated with poor quality of life and attendant poor clinical
outcomes [1]. The pathogenetic mechanisms of anaemia
in CKD include reduced erythropoietin production and
reticuloendothelial iron blockade, secondary to chronic
kidney inflammation [2].
Hepcidin is a peptide hormone that regulates iron bal-

ance in the body [3]. It is synthesised by hepatocytes and
reduces iron absorption and cellular release of iron,
through binding to ferroportin [4]. Thus, in chronic dis-
eases, elevated levels of hepcidin can decrease absorption
of dietary iron, impair the release of iron from hepatocytes
and macrophages and decrease plasma iron [5]. Studies
have also shown that patients with chronic infections and
inflammatory disease are predisposed to have increased
levels of hepcidin [4, 6]. Elevated hepcidin levels may play
a role in the anaemia of chronic kidney disease, as chronic
infections and inflammatory disease have been associated
with high hepcidin levels [3, 4, 6]. Ideally, hepcidin synthe-
sis should be downregulated when the iron level is low.
Nonetheless, inflammatory conditions negatively impact
the usual homeostasis of hepcidin, thereby giving room
for interleukin-6 to increase hepcidin production even
when the iron level is low [7]. Moreover, higher levels of
hepcidin may occur among CKD patients, since they are
likely to have poor renal clearance of plasma hepcidin, as
their kidney function declines [2]. It is also plausible that
increased hepcidin concentrations may cause iron-
restricted erythropoiesis in CKD-associated anaemia [8].
Hepcidin inhibitors or hepcidin lowering agents [9] have
shown promise as adjunctive or stand-alone drugs in the
treatment of anaemia of inflammation in pre-clinical stud-
ies [10]. From these previous observations, we postulate
that the serum hepcidin level may be a useful biomarker
of iron status among CKD patients. However, the utility of
hepcidin as a biomarker in the diagnosis of iron deficiency
anaemia (IDA) among non-dialysis CKD patients is un-
clear, especially in low resource settings such as ours.
Growth Differentiation Factor-15 (GDF-15), an anti-

inflammatory cytokine, has been suggested as a signifi-
cant regulator of hepcidin [11]. Oxidative stress and in-
flammatory conditions can stimulate secretion of GDF-
15 by macrophages [12]. In addition, a strong positive
correlation has been reported between hepcidin and
GDF-15 in anaemic patients [13]. Emerging evidence
shows that in response to anaemia [14], erythroblasts se-
crete GDF-15, which in turn suppresses hepcidin expres-
sion and decreases iron stores. In addition, a strong
positive correlation has been reported between hepcidin
and GDF-15 in anaemic patients [13]. Emerging evi-
dence shows that in response to anaemia [14], erythro-
blasts secrete GDF-15, which in turn suppresses
hepcidin expression and decreases iron stores [12, 15,
16]. The role of GDF-15 in the evolution of IDA is still
controversial. However, studies demonstrating a rela-
tionship (or otherwise) between GDF-15 expression and
serum iron parameters among patients with IDA will as-
sist to shed more light on the investigation, treatment
and monitoring of IDA in CKD patients [17].
Therefore, the aim of this study was to evaluate serum

GDF-15 and hepcidin as surrogates or diagnostic markers
of IDA among non-dialysis requiring CKD patients.
Methods
We conducted a comparative cross-sectional study
among 312 consecutive patients with CKD attending the
renal outpatient clinic of Charlotte Maxeke Johannes-
burg Academic Hospital (CMJAH), South Africa from 1
June 2016 to 31 December 2016, and 184 healthy con-
trols (which included patients’ relatives and staff mem-
bers). The inclusion criterion was all adult stable
consenting non-dialysis CKD patients aged 18 years and
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above. CKD patients attending nephrology clinics of
CMJAH, that were diagnosed based on estimated glom-
erular filtration rate (eGFR) < 60ml/min were
approached during their clinic visits to participate in the
study. Apparently, healthy consenting controls who were
hospital staff and relations of patients were approached
and recruited as controls. We evaluated each prospective
control for any history of acute or chronic medical con-
dition. Only those participants with no known history of
ill health were recruited as controls for the study. Ven-
ous samples for C-reactive protein was obtained from
the participants. Active inflammation and infection were
suspected if the C-reactive protein was > 5 mg/l and/or
there was a clinical history suggestive of inflammatory
and/or infective process.
The Human Research Ethics Committee at the Univer-

sity of the Witwatersrand approved this study (clearance
certificate number 150929). All participants gave written
informed consent.
Exclusion criteria included active inflammation, active

infection, haemoglobinopathies, and blood transfusion
within 3 months preceding the study, immunosuppressive
therapy, oral iron treatment, and use of intravenous iron
therapy at least 2 weeks before enrolment, and persons
currently on erythropoietin stimulating agents (ESA).
We defined absolute iron deficiency as serum ferritin

<100μg/l and transferrin saturation (TSAT < 20%), while
functional iron deficiency was defined as serum ferritin
>100μg/l and TSAT < 20%, according to Capellini et al.
[18]. Anaemia was defined as haemoglobin < 13 g/l in
men and < 12 g/l in women. Patients were considered to
have IDA if they presented with absolute iron deficiency,
functional iron deficiency and anaemia with low mean
corpuscular volume (MCV) [19, 20]. Glomerular filtra-
tion rate (GFR) was determined by the Chronic Kidney
Disease Epidemiology Collaboration (CKD-EPI) equation
for eGFR [21].

Laboratory measurements
All collected venous blood samples were immediately
centrifuged, separated into aliquots, and stored at − 80
degrees Celsius for future assays. Haematological mea-
surements were made on fresh venous blood with EDTA
and clotted blood samples. Haemoglobin concentrations
(Hb), red blood cell count (RBC), platelet count, creatin-
ine and urea were measured using a haematology ana-
lyser (Siemens Diagnostics, Tarrytown, USA). We
determined the serum iron total iron-binding capacity
(TIBC) and ferritin as previously described [22]. Trans-
ferrin saturation (TSAT) was calculated as the ratio of
serum iron and TIBC and expressed as a percentage.
Hepcidin and isotope labelled internal standards

[13C9,
15N3] were purchased from Peptide Institute

(Osaka JPN). The serum hepcidin-25 and isotope
labelled internal standards [13C9,
15N3] were extracted

and separated as previously described by Li et al. [23]
Briefly, samples were extracted with 4% HPLC grade
trichloroacetic acid (TCA, Merck, Kenilworth, NJ,
U.S.A) and separated using reverse-phase liquid chroma-
tography using a 0.5x50mm Halo Peptide- ES column
(Sciex, Framingham, USA) with a total run time of 5 min
per sample. The analysis was performed on an AB Sciex
5500 QTRAP (Sciex, Framingham, USA), coupled to a
micro-Liquid Chromatography (Exigent M3) system
with Turbo Ion Sprayionisation source operated in posi-
tive ion mode. Multiple reactive monitoring (MRM) de-
tection was applied using the Sciex 5500 for
identification and quantification using the ion transitions
(m/z) of 698.0 > 354.0 and 703.2 > 354.1 for hepcidin and
stable isotope labelled hepcidin [13C9,

15N3] respectively.
Concentrations of serum hepcidin were expressed in

nanograms per millilitre (ng/ml). The intra-and inter-
assay coefficients of variation (CV) were < 6.7 and < 8.8%,
respectively. The lower limit of detection was 0.5 ng/ml.
The median reference level for plasma hepcidin in
healthy controls was 5.7 ng/ml. Serum levels of GDF-15
were measured by ELISA (R&D Systems, Minneapolis,
MN, USA) with intra- and inter-assay CVs of < 2.8 and <
6, respectively.

Statistical analysis
Statistical analysis was performed using Stata version 14
(Stata Corp., TX, USA) software. Descriptive statistics
were conducted. The categorical variables were de-
scribed as frequency and percentages and skewness
Kurtosis test was used to determine normality. Subse-
quently, continuous variables were described as mean (±
standard deviation), if normally distributed or as median
(interquartile range) when not normally distributed. The
5th and 95th percentile of the hepcidin and GDF-15
levels among non-anaemic apparently healthy controls
were determined as the reference range for the study
population. Student’s t-test or Mann-Whitney U tests
were used to compare continuous variables among an-
aemic and non-anaemic groups. Association between an-
aemic status and categorical variables were assessed
using Pearson’s Chi-square test. Spearman’s rank correl-
ation was used to determine the linear relationship be-
tween hepcidin or GDF-15 and other linear variables
among anaemic and non-anaemic participants. Simple
and multiple linear regression was conducted with log
hepcidin and logGDF-15 as outcome variables respect-
ively. Univariable and multivariable logistic regression
was conducted to determine the association between
IDA and hepcidin. Confounding variables based on the
literature and a univariable p-value of < 0.2 were utilised
to build the multivariable model using backwards step-
wise regression. Age and gender were chosen a priori. A
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post-estimation receiver operator characteristic curve
(ROC) with an area under the curve (AUC) was then
utilised to determine the predictive value of hepcidin for
IDA among CKD participants. Similar regression ana-
lysis was conducted between IDA and GDF-15. The
AUC of ROC for hepcidin and GDF-15 were then com-
pared. A non-covariate table of cut-offs with correspond-
ing sensitivity and specificity was generated for hepcidin
as a diagnostic marker for IDA among the CKD popula-
tion. The optimum cut-off point of hepcidin was then cal-
culated based on the maximal value of the Younden Index
(= (sensitivity + specificity) -1). Similarly, an optimum cut-
off value for GDF-15 was obtained. The above-mentioned
analysis (regression, ROC and cut-offs) was conducted to
determine the predictive value of hepcidin and then GDF-
15 for functional and absolute IDA. Sub-group analysis
was conducted to see if there was a disparity in the per-
formance of hepcidin and GDF-15 in the diagnosis of ab-
solute and functional IDA. The predictive/ diagnostic
value of hepcidin or GDF-15 was stratified across the
stages (early [I-III], late [IV-V]) and common aetiologies
of CKD. For all analyses, a 2-tailed test of the hypothesis
was assumed and the level of statistical significance was
set at P-value < 0.05 (95% confidence interval).
Table 1 Socio-demographic, haematological and biochemical chara

Characteristics CKD (n = 312)

IDA
n = 103 (%)

Non-anaemic
n = 209 (%)

Hepcidin (ng/ml)
(median, IQR)

8.4 (4–45.5) 6.8 (3.9–33.6)

GDF-15 (pg/ml) (median, IQR) 1256.8 (919.1–1618) 700 (335.1–1327.8)

Age (mean ± SD) years 54.5 ± 15.2 54.3 ± 14.2

< 40 15 (14.6) 37 (17.7)

≥40 88 (82.3) 172 (85.4)

Race

Blacks 95 (92.2) 165 (79.0)

Whites 8 (7.8) 44 (21.1)

Gender

Male 41 (39.8) 126 (60.3)

Female 62 (60.2) 83 (39.7)

Systolic Blood Pressure
(median, IQR) (mmHg)

139 (125–157) 140 (130–160)

Diastolic Blood Pressure
(median, IQR) (mmHg)

80 (70–91) 80 (70–90)

Serum Urea (median, IQR)
(mmol/L)

17.1 (9.8–25.7) 11 (7.1–15.9)

Serum Creatinine
(median, IQR),
μmol/L

265 (158–520) 171 (120–255)

eGFR (median, IQR),
mls/min/1.73m2

27.0 (12.6–27.0) 43.6 (27.7–66.0
Results
The mean age of the participants was 49.7 (± 15.8) years
and there was an almost equal proportion of male
(49.4%, n = 245/496) and female (50.6%, n = 251/496)
participants. The prevalence of anaemia among CKD
cases was about three times that of controls, 33.0%
(95%CI: 27.99–38.45%) vs 9.78% (95%CI: 6.22 - 15.05%)
respectively (Table 1).
Table 1 also showed that the median levels of serum

GDF-15 [1024.5 (429.4–1489.5 pg/ml) vs. 447.25
(188.25–1192.3 pg/ml), P-value< 0.0001] and hepcidin
[7.1 (3.9–36.2) vs 3.1(2.1–10.9), P-value < 0.0001], were
more than doubled among the CKD participants as com-
pared to the controls. Among the CKD participants, the
median GDF-15 level was higher among the anaemic as
compared to the non-anaemic participants (P-value <
0.0001, Table 1). Similarly, median GDF-15 levels were
higher among the anaemic controls as compared to the
non-anaemic controls (P = 0.0155). In contrast, there
was no difference in the serum levels of hepcidin by an-
aemia status among the CKD participants (P-value =
0.2790) and the controls (P-value = 0.8357).
The reference values (5–95% range) among the non-

anaemic controls of this study for hepcidin and GDF-15
cteristics of participants by iron-deficiency-anaemia status

Controls (n = 184)

P-value IDA
n = 18 (%)

Non-anaemic
n = 166 (%)

P-value

0.2790 3.1 (2.3–7.9) 3.1 (2.1–10.9) 0.836

< 0.0001 1175.9 (708.9–1267.1) 397.95 (183.2–1101) 0.016

0.9340 45.2 ± 17.5 41.3 ± 13.6 0.255

0.484 8 (44.4) 79 (47.6) 0.800

10 (55.6) 87 (52.4)

0.003 12 (66.7) 133 (80.1) 0.185

6 (33.3) 33 (19.9)

0.001 7 (38.9) 71 (42.8) 0.752

11 (61.1) 95 (57.2)

0.1994 132 (120–140) 132 (130–140) 0.998

0.6234 81 (70–90) 80 (72–90) 0.7707

0.0001 4 (3–4.9) 4.35 (3.6–5.2) 0.4486

< 0.0001 70.5 (64–78) 78.5 69–91) < 0.0001

< 0.0001 129.8 (96.3–139.5) 114.4 (96.8–133.0) 0.3490
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were 1.5–28.1 ng/ml and 108.2–2833 pg/ml, respectively.
Furthermore, the reference range (5th – 95th percentile)
of hepcidin among apparently healthy female partici-
pants was 1.4–38.8 ng/ml while the reference range for
males was 1.6–28.1 ng/ml. There was a significant nega-
tive linear relationship between hepcidin and GDF-15
among anaemic CKD patients (r = − 0.28, P-value =
0.0037), supplementary Table 1.
Serum ferritin (r = 0.5, P-value < 0.0001), and serum

creatinine levels (r = 0.21, P-value = 0.0368) were posi-
tively correlated with hepcidin, while GFR (r = − 0.19, P-
value = 0.0493) was negatively correlated with hepcidin
among the participants with CKD, supplementary
Table 1. GDF-15 was negatively correlated with serum
ferritin and haemoglobin levels, while TSAT level corre-
lated with GDF-15, especially among the anaemic CKD
cases (supplementary Table 2).
For every ng/ml increase in serum ferritin level among

CKD patients, log hepcidin increased by 0.00389 (β =
0.00389, P-value< 0.001). In other words, hepcidin levels
increased by 100.00389 units for every ng/ml increase in
serum ferritin.
logGDF-15 decreased with every unit increase of MCHC

(β = − 0.0618, P-value = 0.005). On average, the white ra-
cial group and those participants with late CKD stage (IV-
V) had a higher log GDF-15 as compared to the black ra-
cial group (β = 0.343, P-value = 0.018) and early CKD stage
(I-III) (β = 0.476, P-value < 0.001); Table 2.
The predictive value of GDF-15 and hepcidin for diag-

nosing IDA among CKD participants was 77.27%
(95%CI: 71.98–82.56%) and 77.01% (95%CI: 71.64–
82.38%), respectively (Table 3, Fig. 1a). There was no
statistically significant difference between the AUC of
the ROC curves of GDF-15 and that of hepcidin
Table 2 Multiple linear predictors of log Hepcidin and logGDF-15 am

Variable Log Hepcidin

Coefficient SE P-va

Ferritin 0.00389 0.00064 < 0.

Age 0.0017 0.00581 0.76

Race

Blacks Reference Reference Refe

Whites −0.2301 0.2239 0.30

Gender

Male Reference Reference Refe

Female −0.2336 0.1572 0.13

MCHC −0.0393 0.0376 0.29

MCV 0.0082 0.0124 0.50

CKD Stage

Early(I-III) Reference Reference Refe

Late (IV – V) −0.0223 0.1656 0.89
(P-value = 0.8369); (Fig. 1a). A combination of the two
parameters did not improve the diagnostic value of ei-
ther of the two tests, as the AUC of the ROC of the
model with the combination was 78.27, 95%CI: 73.08–
83.47%; P-value = 0.1809 Fig. 1b.
Using the non-covariate analysis and Younden’s index,

the optimum cut-off value among CKD participants for
GDF-15 was 1030 pg/ml (at a sensitivity of 72.8% and
specificity of 61.24%). Similarly, the optimum cut-off for
hepcidin was 22.5 ng/ml (at a sensitivity of 38.8% and
specificity of 70.8%); (Data not shown).
The predictive value of hepcidin for diagnosing func-

tional IDA among CKD participants was 80.12%. (Table
4, Fig. 1c). The predictive value of GDF-15 for diagnos-
ing absolute IDA among CKD participants was 79.66%.
(Table 5, Fig. 1d). Using the non-covariate analysis and
Younden’s index, the optimum cut-off value of GDF-15
for diagnosing absolute IDA among CKD participants
was 1129.3 mg/dl (at a sensitivity of 83.64%and specifi-
city of 66.03%) Similarly, the optimum cut-off for hepci-
din was 22.5 ng/dl (at a sensitivity of 66.7% and
specificity of 70.8%); (Supplementary Table 3).
From Supplementary Table 4, we found that although me-

dian serum hepcidin level among participants with late stage
CKD (IV – V) was more than double the median hepcidin
level among participants with early disease (I-III), this rela-
tionship did not reach statistical significance among ID
((Early Vs Late, 4.7(3.9–32.55) Vs 10.1 (4.1–55.8), P=
0.2583)) and non ID ((6.2(3.9–21.6) Vs 14.3(4–48), P=
0.1387)) participants. Median GDF-15 levels were also higher
among participants with late stage as compared to partici-
pants with early stage disease. There was no statistically sig-
nificant difference in the median hepcidin and median GDF-
15 levels across the different aetiologies of CKD.
ong CKD patients

Log GDF-15

lue Coefficient SE P-value

0001 −0.00038 0.00039 0.328

6 0.0016 0.0036 0.648

rence Reference Reference Reference

3 0.3429 0.1443 0.018

rence Reference Reference Reference

8 0.1688 0.1041 0.106

8 −0.0618 0.0220 0.005

6 −0.0136 0.0073 0.066

rence Reference Reference Reference

3 0.4761 0.0993 < 0.0001



Table 3 Relationship between iron deficiency anaemia and Hepcidin or GDF-15 as primary biomarker among CKD participants

Variable aMultivariable logistic regression analysis with Hepcidin as the
primary factor

bMultivariable logistic regression analysis with GFD15 as the
primary factor

Adjusted Odds ratio 95%CI P-value Adjusted Odds ratio 95%CI P-value

Hepcidin 1.0030 1.0004–1.0055 0.023 – – –

GDF-15 – – 1.0003 1.0001–1.0005 0.017
aMultivariable logistic regression of the model of the relationship between Hepcidin and iron deficiency anaemia
bMultivariable logistic regression of model of the relationship between GDF-15 and iron deficiency anaemia
The 2 models corrected for gender, age, CKD stage, history of diabetes mellitus, race, C-reactive protein, mean corpuscular volume
CI Confidence interval
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Further sub-analysis showed that hepcidin was not sta-
tistically associated with AID and ID among both early
and late stage disease. However, the predictive value of
diagnosing FID among late stage CKD disease using
hepcidin as a biomarker was about 75.2%, while there
was no statistically significant association between hepci-
din and FID among patients with early stage CKD; (Sup-
plementary Table 5).
GDF 15 was not associated with FID among both early

and late CKD patients. However, the predictive value of
GDF-15 for diagnosing AID and ID among early stage
disease was about 83.3 and 77.5% respectively. Whereas,
there was no statistically significant relationship among
GDF and AID or ID among the late stage CKD partici-
pants; (Supplementary Table 5).
Fig. 1 Receiver Operator characteristics curves of: a. Comparison of the pre
anaemia, b. Comparison of the predictive value of Hepcidin and GDF-15 an
c. Predictive value of Hepcidin in diagnosing functional Iron deficency anae
deficiency anaemia
Among patients with a diagnosis of hypertension,
GDF-15 predicted AID and ID anaemia in 81.1 and
81.9% of cases respectively; (Supplementary Table 5).

Discussion
To our knowledge, this is the first study to evaluate the
clinical utility of hepcidin and GDF-15 as markers of IDA,
among persons with non-dialysis CKD. This study
demonstrates that in a cohort of predialysis CKD patients,
serum hepcidin and GDF-15 predicted IDA among
patients with CKD, with a predictive value of 71.4 and
72.3%, respectively. Furthermore, GDF-15 predicted AID
anaemia, while hepcidin predicted FID anaemia (83.6% vs
66.7%). In addition, we showed a negative correlation
between hepcidin and eGFR among CKD patients.
dictive value of Hepcidin and GDF-15 in diagnosing Iron deficiency
d combination of both markers in diagnosing Iron deficiency anaemia.
mia. d. Predictive value of GDF-15 in diagnosing absolute Iron



Table 4 Relationship between functional iron deficiency anaemia and Hepcidin or GDF-15 as primary biomarker among CKD
participants

Variable aMultivariable logistic regression analysis with Hepcidin as the
primary factor

bMultivariable logistic regression analysis with GFD15 as the
primary factor

Adjusted Odds ratio 95%CI P-value Adjusted Odds ratio 95%CI P-value

Hepcidin 1.0043 1.00041–1.00829 0.030 – – –

GDF-15 – – – 1.00007 0.99970–1.00044 0.715
aMultivariable logistic regression of the model of the relationship between Hepcidin and iron deficiency anaemia
bMultivariable logistic regression of model of the relationship between GDF-15 and iron deficiency anaemia
The 2 models corrected for gender, age, CKD stage, history of Diabetes mellitus, race, C-reactive protein, mean corpuscular volume
CI Confidence interval
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Our observation of a negative correlation of hepcidin
with GFR agrees with findings by others [8, 24]. How-
ever, some authors found a positive correlation between
GFR and hepcidin levels [25, 26]. This suggests that the
relationship between hepcidin and renal function is still
unclear. Moreover, hepcidin pathways may be largely
dependent on ferritin metabolism, with renal function
playing a minimal role. The smaller sample size of previ-
ous studies may affect their conclusions. Our study re-
cruited a relatively larger sample size. The sensitivity of
the methods used may also play a role in the observed
differences between our findings and others as we used
mass spectrometry, in contrast to other studies where
ELISA was used [24, 27].
Our data supports published studies reporting higher

levels of hepcidin in CKD and among haemodialysis pa-
tients [25, 28]. The increase in serum hepcidin levels in
CKD patients compared to controls might be due to in-
creased inflammation and decreased renal clearance of
hepcidin attributable to renal impairment in CKD pa-
tients [29–31].
We found that serum ferritin, the primary storage

molecule for cellular iron, positively correlated with hep-
cidin in our CKD patients as previously documented
among patients with CKD and those on dialysis [25, 28,
32–34]. This finding is also consistent with studies in
non-CKD populations [35–37]. In the setting of CKD,
the direct relationship of hepcidin with ferritin may rep-
resent a protective effect of hepcidin against systemic
iron overload [26]. However, there was no correlation
between hepcidin and inflammatory markers such as
hsCRP. The possible explanation may be that patients
Table 5 Relationship between absolute iron deficiency anaemia and
participants

Variable aMultivariable logistic regression analysis with Hepcidin as th
primary factor

Adjusted Odds ratio 95%CI P-value

Hepcidin 1.0021 0.9991–1.0051 0.176

GDF-15 – – –
aMultivariable logistic regression of the model of the relationship between Hepcidin
bMultivariable logistic regression of model of the relationship between GDF-15 and
The 2 models corrected for gender, age, CKD stage history of Diabetes mellitus, rac
CI Confidence interval
with active infections and inflammation were excluded
from our study.
The reference range (5–95%) of serum hepcidin levels

among healthy controls in this study was 1.5–28.1 ng/
ml. This value was lower than the reference range re-
ported among healthy male [median and 5–95% refer-
ence range, 112 ng/ml (29-254 ng/ml) and female (65 ng/
ml (17-286 ng/ml)] adults [32]. Furthermore, the refer-
ence range of hepcidin among apparently healthy female
participants was 1.4–38.8 ng/ml while the reference
range for male participants was 1.6–28.1 ng/ml. These
values were lower than the reference range reported
among healthy male [median and 5–95% reference
range, 112 ng/ml (29-254 ng/ml) and female (65 ng/ml
(17-286 ng/ml)] adults [32]. A possible explanation may
be differences in assay used and racial differences. Thus,
there is a need to establish different reference ranges for
diverse populations.
We determined a cut-off value for serum hepcidin of

< 22.5 ng/ml, (AUC = 0.71) at a sensitivity of 38.8%, and
specificity of 70.8%, to predict IDA, which supports the
literature that hepcidin levels are below the reference
range in iron-deficient states [38]. Several researchers
have reported different cut-offs with corresponding sen-
sitivity and specificity for diagnosing IDA among diverse
study populations [39–41]. These findings differ from
the study by Jonker et al. [42], who reported hepcidin to
be a poor predictor of bone marrow iron stores (sensitiv-
ity of 66.7% and specificity 48.5%). However, their study
population included children, and intra-individual vari-
ability in serum hepcidin could account for differences
in our findings. This is the first study that showed in a
Hepcidin or GDF-15 as primary biomarker among CKD

e bMultivariable logistic regression analysis with GFD15 as the
primary factor

Adjusted Odds ratio 95%CI P-value

– – –

1.00038 1.0001–1.0006 0.003

and iron deficiency anaemia
iron deficiency anaemia
e, C-reactive protein, mean corpuscular volume
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sub-group analysis that hepcidin was predictive of func-
tional IDA in pre-dialysis CKD. Although levels of hep-
cidin are elevated in CKD, other factors may affect
hepcidin levels. Further research is needed to determine
whether this biomarker has advantages over conven-
tional markers (ferritin, TSAT) [43].
We found GDF-15 levels to be significantly higher in

CKD patients with IDA as compared to CKD patients
without IDA, consistent with findings by other re-
searchers [16, 44]. Although Li et al. [45] found an in-
crease in GDF-15 levels in their dialysis patients, they
were unable to demonstrate a correlation between GDF-
15 and iron indices, a finding that was similarly noted
among our cohort of participants. There are possible
mechanisms that may explain the findings of increased
GDF-15 in patients with IDA. First, GDF-15 may be an
important mediator in a negative feedback loop whereby
it increases to suppress high hepcidin levels in CKD pa-
tients with iron deficiency. Another explanation is that
iron depletion could independently cause GDF-15 in-
duction in the erythroid precursor cells as a result of
iron sequestration in macrophages [46]. All these are
speculative, however, as the exact mechanism, under-
lying IDA and GDF-15 levels require further
investigation.
We also found that GDF-15 predicted IDA at a cut-off

value < 1030 pg/ml with a predictive value of 72%
(AUC = 0.723), sensitivity of 72.8%, and specificity of
61.24%. In contrast, Tanno et al. [47] found among
blood donors that there was no association between iron
deficiency due to blood loss and serum GDF-15 levels.
Our study, therefore, suggests that GDF-15 can be a use-
ful diagnostic tool in patients with IDA. However,
inflammation-mediated changes seen in iron homoeosta-
sis may not induce the increased GDF-15 levels in pa-
tients with IDA, as serum ferritin levels did not correlate
with GDF-15 levels in this study and as reported by
Mast et al. [48], GDF-15 in this study was found to be
predictive of absolute IDA (but not functional IDA) in
sub-group analysis. Our report contrasts with the find-
ings of Yilmaz et al. [44], where GDF-15 was predictive
of functional IDA among haemodialysis and CKD pa-
tients. Differences in these findings could be due to dif-
ferences in the study population, as their study
population included patient on dialysis, while we re-
cruited and studied pre-dialysis patients. Another ex-
planation could be due to different cut-off values to
define functional IDA; their cut-off value was > 800,
while ours was > 100. Our sub-analysis suggests that
GDF can predict AID and ID anaemia in more than 80%
of cases among patients with early CKD (stage I-III), but
was not shown to predict AID nor ID among partici-
pants with late stage kidney disease (Stages IV/V). This
report is similar to our previous finding that reticulocyte
haemoglobin content had a higher predictive value for
diagnosing iron deficiency anaemia among early stage
CKD patients as compared to late stage CKD patients
(AUC for early Vs late: 0.82 Vs 0.76 [49]. In the mean-
time, there may be need to develop recommendations
on the use of biomarkers as screening tools in CKD pa-
tients that would stratify the performance of the test by
CKD stage.
Another important finding in this study is the negative

correlation of GDF-15 with haemoglobin in both CKD
patients and controls. This finding is consistent with re-
ports by others [45, 50, 51], but is in disagreement with
findings in non-CKD populations, where GDF-15 was
positively correlated with haemoglobin [52–54]. The dif-
ference in findings between our study and others could
be explained by racial differences and diversity of ethni-
city in the studied population.
Our study has limitations. First, the cross-sectional

study design makes it difficult to infer causality between
hepcidin, GDF-15 levels, and the risk of anaemia. The
cross-sectional study design also precluded us from con-
ducting follow up serial measurements of both hepcidin
and GDF-15. The intra-patient variability and diurnal
variations in hepcidin assays may interfere with serum
hepcidin measurement.
The strengths of our study include the large sample

size of pre-dialysis CKD patients, and our use of mass
spectrometry, the gold standard for hepcidin assay. In
addition, our study defined iron deficiency based on ab-
solute and functional IDA, whereas prior studies focused
mostly on functional IDA, and mainly recruited dialysis
patients. Finally, to our knowledge, this is the first study
to predict the performance of GDF-15 as a diagnostic
tool for IDA in non-dialysis CKD patients.

Conclusion
Our preliminary data indicate that GDF-15 and hepcidin
predict IDA in pre-dialysis CKD patients and could be
promising tools in the diagnosis of IDA in CKD; they
could predict absolute and functional IDA among pre-
dialysis CKD. These assays are expensive, not readily
available, and require technical know-how, which may
preclude their use in resource-constrained environ-
ments. More extensive randomized prospective studies
are necessary to confirm our findings and to help deter-
mine a reliable cut-off value of serum hepcidin and
GDF-15 in the diagnosis of IDA.
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