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Abstract

Background Anaemia is a common presenting feature among patients with chronic kidney disease (CKD) and asso-
ciated with poor clinical outcomes. We evaluated the diagnostic validity of growth differentiation factor-15 (GDF-15)
and hepcidin as it is not clear if they are useful as a biomarkers of anaemia among non-dialysis CKD egyptian patients.

Method An analytical cross-sectional study was conducted among non-dialysis CKD patients (n=60) and apparently
healthy controls (n=28) at Minia University maternity & children Hospital. Serum levels of GDF-15 and hepcidin were

among CKD Egyptian patients.

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 iron deficiency anaemia.

Results Hepcidin and GDF-15 are significantly higher in cases than control p value (0.047 <0.0001) respectively. The
predictive value of diagnosing anaemia among CKD patients using hepcidin and GDF-15 was 72.0%, 70.0%. There
was a weak negative correlation between hepcidin levels and glomerular filtration rate GFR (r=-.175, p=0.105) in CKD
patients, and significant correlation between serum GDF-15 and haemoglobin (r=-0.897, p <0.0001), ferritin (r=0.489,
P<0.000), Iron (r=-0.314, P=0.002), CRP (r=0.409, P<0.0001).

Conclusion Hepcidin and GDF-15 is a potential biomarker for predicting anaemia connected with inflammation

Keywords Chronic kidney disease, GDF-15, Hepcidin, Anaemia

Background
CKD patients are at risk of developing anemia which
associated with a reduced quality of life and a worse sur-
vival [1]. Anemia prevalenc e in CKD is twice as in gen-
eral population and more severe as e GFR declines [2].
The prevalence of anemia raised with the progression of
CKD: 8.4% at stage 1 to 53.4% at stage 5 [3].

Anemia of chronic disease as well as iron deficiency
are conditions that differentiating between them is quite
complicated [4]. At the population level and in clinical
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practice, Haemglobin concentration is the most common
indicator and assessment method used to define anemia.
Although indices exist in clinical practice for distinguish-
ing anemia etiology but their reliability for discriminating
between causes varies [5]. Also, ferritin and Transfer-
rin saturation (TSAT) both have limitations as indica-
tors of iron stores. Ferritin is difficult to interpret as an
independent marker of iron status as it is an acute-phase
reactant [6]. Production of transferrin is also affected by
inflammation, although, in contrast to ferritin, inflamma-
tion decreases transferrin production, resulting in mis-
leadingly elevated TSAT values [7].

Iron deficiency is particularly common in patients with
chronic diseases accompanied by inflammation, such as
chronic kidney disease. The association between iron
and inflammation remained unclear until the discovery
of hepcidin which appears to be an emerging biomarker

©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13052-023-01505-9&domain=pdf
http://orcid.org/0000-0002-3055-6654

Farag et al. Italian Journal of Pediatrics (2023) 49:106

for anemia in CKD. It is an acute phase protein and one
regulator of iron metabolism, It inhibits iron transport
by binding to the iron export channel ferroportin result-
ing in ferroportin breakdown in lysosomes. Inhibiting
ferroportin prevents iron from being exported from the
cell [8]. Hepcidin synthesis and secretion by the liver is
controlled by iron stores within macrophages, inflamma-
tion, hypoxia, and erythropoiesis [9]. Several studies have
shown the correlation between hepcidin and ferritin.
However, hepcidin is more superior in describing iron
status. Therefore, hepcidin is a potential marker for iron
status [10].

Severe anemia is associated with low hepcidin levels,
even in the presence of inflammation Erythroferrone,
produced in erythroblasts, has been identified as inhibit-
ing hepcidin and so providing more iron for hemoglobin
synthesis in situations such as stress erythropoiesis [11].
Also, acute inflammation contributes to anemia severity
as production of cytokines increases hepcidin level, and
may activate erythrophagocytosis [2]. Increasing hep-
cidin levels may not only reduce iron overload but also
partially control ineffective erythropoiesis in iron loading
anemias [11].

GDF-15, an anti-inflammatory cytokine, is a significant
regulator of hepcidin and a strong positive correlation
has been reported between them in anemic patients [12,
13]. In addition, Erythroblasts secrete GDF-15, which
in turn suppresses hepcidin expression and decreases
iron stores [14]. The role of GDF-15 in the evolution of
anemia is still controversial. However, studies demon-
strating a relationship between GDF-15 expression and
serum iron parameters will assist to shed more light on
the investigation, treatment and monitoring of anemia
in CKD patients [15]. The aim of this study was to assess
their correlation with inflammatory parameters and bio-
markers of iron metabolism in CKD as the previous stud-
ies concerned only patients with end stage kidney disease
or patients on renal replacement therapy.

Subjects and methods

This study was carried out in Pediatric department in
Minia University maternity & children hospital from
Augest 2021 to February 2022, included 60 CKD patients
with anemia and 28 apparently healthy children matching
age and sex. The studied cases were subjected to General
and systemic examinations, Glomerular filtration rate
(GFR) was determined by the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) equation for
Egfr.

Inclusion criteria
Chronic renal failure on dialysis, chronic forms of
nephrotic syndrome and glomerulonephritis cause CKD,
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renal congenital anomalies as obstructive nephropathy,
renal hypoplasia and neurogenic bladder, Chronic uri-
nary tract infections causes CKD. The children were in a
stable phase of their CKD.

Exclusion criteria

Active infection, cancer, acute cardiovascular complica-
tions (uncontrolled hypertension acute coronary syn-
drome, and acute heart failure).

Sample collection

7 mL venous blood samples were withdrawn by veni-
puncture, divided as follows; 2 ml specimens were col-
lected into the K2 EDTA tube for Complete Blood Count
(CBC), 5 mL specimens were collected into plain chem-
istry tube to clot and sera were separated without delay
(immediate centrifugation at 3000 RPM; 15 min), then
divided into 3 portions; one for CRP, urea and creatinine,
one for iron profile (serum iron, total iron binding capac-
ity, serum ferritin) and the last portion aliquoted and
stored at -80 °C until analysis for the assessment of hepci-
din and GDF 15.

CBC was measured using Sysmex diagnostic, USA.
We determined chemistry tests, iron, total iron-binding
capacity (TIBC) using SAL 6000 modular system fully
automated machine according to the manufacturer’s
instructions (reference range 100 to 120 pg/dL) and TIBC
assay was (reference range 250 to 400 pg/dL) to evalu-
ate the iron status and its binding capacity in the serum.
Serum ferritin was measured by Elecsys ferritin assay
using chemiluminescence immunoassay based on sand-
wich principle in electro Cobas e 411 fully automated
Electro Chemiluminiscence Analyser (reference range
25-250 pg/L). TSAT was calculated as the ratio of serum
iron and TIBC and expressed as a percentage. CRP Elisa
Kit- LDN Labor Diagnostika Nord GmbH&Co KG, Nor-
dhorn, Germany) was used.

Serum levels of Hepcidin by (EIA Kit, Peninsula Lab-
oratories, LLC, Bachem Group, USA) (reference range
13.3 to 54.4 ng/mL) and GDF-15 (Bioassay Technology
Laboratory, Yangpu, Shanghai, China) A Solid Phase
Sandwich ELISA has been shown to accurately quantitate
them with intra- and inter-assay CVs of <10% and < 12%,
respectively. The sensitivity down to 5.57 ng/L with an
assay range: 10—3000 ng/LGDE-15 levels in healthy indi-
viduals and patients varied widely across studies, partly
due to the use of different assays, and might therefore not
be comparable between studies.

Statistical analysis

The analysis of the data was carried out using IBM SPSS
version 26.0 statistical package software (IBM; Armonk,
New York, USA(. Normality of the data was tested using
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Kolmogorov—Smirnov test. Data were expressed as
median (IQR) for non-parametric quantitative data, in
addition to both number and percentage for qualitative
data. Mann Whitney test was done for non-paramet-
ric quantitative data between the two groups. The Chi
square test or Fisher’s exact test were used to compare
categorical variables. Spearman’s rank correlation was
done for non-parametric data. Receiver operating char-
acteristic (ROC) curve analysis was done. A p-value less
than 0.05 was considered significant.

Results

Table 1 showed that demographic and clinical data of
patients and control had significant difference regarding
age, weight and height [0.049, 0.02*, 0.003*] respectively.
Also, median levels of serum GDF-15 among patients
were higher as compared to controls. Table 2 showed sig-
nificant difference in all lab parameters [p value <0.001]
except ALT& AST and transferrin. Further sub-analysis
showed that median serum hepcidin and GDF-15 level
is higher and statistically significant among participants
with higher ferritin level Table 3. For every ng/ml increase
in serum ferritin level among CKD patients, log hepci-
din increased by 0.00251 (f=0.00251, P-value <0.0001),
In other words, hepcidin levels increased by 100 raised
to 0.00389 units for every ng/ml increase in serum fer-
ritin. Log GDF-15 decreased with every unit increase of
MCHC ($=0.0196, P-value=0.005) Table 4.

The predictive value of hepcidin and GDF-15 for diag-
nosing anemia among CKD participants was 72.0%,
76.47% respectively. Using the non-covariate analysis and
Younden’s index, the optimum cut-off value of GDF-15
for diagnosing anemia among CKD participants was 723
ng/l (at a sensitivity of 82.98%and specificity 0f87.11%)

Table 1 Demographic and clinical data of patients and control

Group | (Cases) Group p value
N=60 (Control)
N=28

Age (years)  Median(IQR) 10.0 120 0.049%
(80-13.0) (103-13.0)

Males 36 (60.0%) 11 (39.3%) 0.07

Females N% 24 (40.0%) 17 (60.7%)

Rural 46 (76.7%) 19 (67.9%) 0.381

Urban N% 14 (23.3%) 9 (32.1%)

Weight (kg) Median(IQR) 29.0 33.0 0.02%
(23.0-35.5) (30.0-35.8)

Height (cm) Median(IQR) 136.0 144.0 0.003*
(1223-1440) (1358-148.0)

BMI (kg/m2) Median(IQR) 16.0 15.8 0.964
(145-184) (152-175)

Mann-Whitney test for non-parametric quantitative data between the two groups
*: Significant level at P value < 0.05
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Table 2 Laboratory data in patients and control group

Median (IQR) Group | (Cases  Group Il (Control) p value
N=60 N=28

Hb (g/dL) 98 12.1 <0.0001*
(9.0—10.5) (11.9-123)

MCV (fL) 85.0 88.0 0.003*
(793 -88.0) (85.0-92.0)

MCH 270 285 <0.001*
(26.0-29.0) (28.0-30.8)

MCHC 32.0 33.0 <0.0001*
(303-330) (33.0-350)

Urea (mg/dl) 96.5 255 <0.0001*
(39.8-1243) (25.0-28.0)

Creat (mg/dl) 22 0.6 <0.0001*
(0.9-43) 05-0.7)

eGFR (ml/min) 286 130.0 <0.0001*
(223-67.2) (1208 - 152.3)

A/C ratio 3220 -— —
(153.0-1073.0)

ALT (U/L) 22.0 220 0.689
(15.0-30.0) (185-27.0)

AST (U/L) 25.0 235 0.119
(21.0-33.0) (188 -27.8)

Iron (pg/dL) 520 100.0 <0.0001*
(36.0 - 88.3) (85.8 -106.8)

Ferritin (pg/l) 755.0 95.0 <0.0001*
(181.5-1330.5) (88.0-102.0)

TIBC (pg/dL) 254.0 161.5 <0.0001*
(187.8 - 287.5) (153.5-189.5)

Transferrin 25.0 25.0 0.74
(16.3-42.0) (19.0-34.3)

CRP (mg/l) 120 3(2—5) <0.0001*
(3-24.0)

Hepcidin (ng/mL) 3385 303.0 0.047*
(276.0 = 505.5) (215.0 - 387.0)

GDF (ng/L) 12772 4016 <0.0001*

(10723 -1376.6)

(298.6 - 594.5)

* significant level at P value <0.05

Table 3 Laboratory data in patients according ferretin level

Median(IQR) Ferritin <300 Ferritin>300 p value

Hepcidin 285.0 361.0 <0.01*
(101.0 - 388.5) (260.0 - 604.0)

GDF-15 973.1 1039.8 <0.001*
(298.6 — 594.5) (1072.3-1376.6)

Hemoglobin 9.8 11.8 <0.0001*
(9.1-106) (102-122)

Ferritin 102.0 798.0 <0.001*
(91.0 - 258.0) (3380-13115)

Iron 450 103.0 <0.0001*
(35.5-60.5) (85.0-118.0)

MCV 730 88.0 0.009*
(69.5-75.0) (820-91.0)

MCH 240 280 0.031*
(21.5-264) (27.0-30.0)

MCHC 300 330 0.032*
(27.0-33.0) (32.0-35.0)

* significant level at P value <0.05
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Table 4 Multiple linear predictors of log Hepcidin and

logGDF-15 among CKD patients

Log hepcidin Log GDF-15

Coefficient P-value Coefficient P-value
Ferretin 0.00251 <0.0001 -0.00031 0.273
MCHC -0.0276 0.303 0.0196 0.005
Mcv 0.0075 0617 -0.018 0.047

Similarly, the optimum cut-off for hepcidin was 209 ng/
dl (at a sensitivity of 80.85 and specificity of 85.11); A
combination of the two parameters did not improve sig-
nificantly the diagnostic value of either of the two tests
(Table 5, Fig. 1).

Receiver operating characteristic ROC curve display-
ing the diagnostic accuracy of hemoglobin, iron, ferritin
and Hepcidin for predicting anemia in (a) cases with fer-
retin <300 (b) cases with ferretin > 300 Fig. 2.

Factors found to be significantly associated with ane-
mia by univariate analysis were entered the multivariable
model to detect the independent risk factor for anaemia
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Table 6. Patients with low hemoglobin or hepcidin are
more likely to have anemia (mostly iron defiency anemia)
with p value of 0.008 for hemoglobin and <0.001 for hep-
cidin while patients with high level ferritin and CRP are
more likely to have anemia (anemia of chronic disease)
with p value of <0.0001 for ferritin and CRP. Patients with
low level hepcidin and high level of GDF is more likely
to have iron deficiency anemia with p value 0.007, 0.002
respectively. So, Hepcidin and GDF-15 were predicted by
markers of inflammation: CRP&ferritin, Inflammation is
correlated with iron status.

Hepcidin and GDF -15 were negatively correlated with
GFR &HB and positively correlated with other markers
shown in Table 7.

Discussion

To our knowledge, this is the first study to evaluate hep-
cidin and GDF-15 as markers of anemia among Egyptian
with non-dialysis CKD. Serum hepcidin and GDEF-15
predicted anemia among patients with CKD, with a pre-
dictive value of 72% and 76.47%, respectively. In addi-
tion, we showed a negative correlation between hepcidin

Table 5 Hepcidin & GDF-15 and different parameters for predicting anaemia

Sensitivity Specificity PPV NPV Accuracy Pvalue
Hepcidin 80.85% 85.11% 72.00% 74.29% 72.73% <.001
GDF 82.98% 87.11% 76.47% 75.00% 75.90% <0.001*
Hepcidin + GDF 83.1% 87.93% 75.2% 76.21% 77.32% <0.01
Hemoglobin 72.34% 65.85% 70.83% 67.50% 69.32% <.0091
Iron 85.11% 82.93% 85.11% 82.93% 84.09% <.0091
Ferritin 40.43% 24.39% 38.00% 26.32% 32.95% <.001
* significant level at P value <0.05
ROC Curve
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Fig. 1 ROC curve Displaying the diagnostic accuracy to predict anemias (a) Hepcidin (b) GDF-15
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Fig. 2 ROC curve of different parameters predicting types of anaemia
Table 6 Multivariate regression of variables associated with anaemia in CKD patients
Variable Univariate Multivariate

Standardized coefficient t p Standardized coefficient t p
Beta Beta

GDF -0.35 -332 <0.001* -03 -32 0.002%
Hepcidin -0.28 -2.73 0.008* -0.26 -2.77 0.007*
Hb -0.28 -2.73 0.008* -0.34 -345 <0.001*
Iron 0.16 1.52 0.133
Ferritin -04 -4.05 <0.0001* -0.19 -1.39 0.168
CRP -0.39 -3.99 <0.0001* -0.19 -1.41 0.136
Dependent variable Hb

* significant level at P value <0.05

Table 7 Correlation of hepcidin and GDF -15 with other

parameters
Correlation Hepcidin GDF

r p r p
Hepcidin — 0.03 0.785
GDF 0.03 0.785
Hb -0.182 0.089 -0.897 <0.0001*
Iron 0334 <0.001* -0.314 0.002*
Ferritin 0.196 0.067 0489 <0.0001*
Trans-ferritin 0.092 0.395 0.085 0461
CRP 0218 0.042* 0409 <0.0001*
GFR -0.175 0.105 -0.137 0.113

In CKD patients several significant correlations were observed as presented in
the Table 7

* significant level at P value <0.05

and eGFR among CKD patients. Our observation agrees
with findings by others [16, 17]. However, some authors
found a positive correlation between hepcidin and GFR
levels [18]. This suggests that the relationship between
hepcidin and renal function is still unclear. Moreover,

renal function plays a minimal role in hepcidin pathways
which is largely dependent on ferritin metabolism. The
sensitivity of the methods used may also play a role in the
differences between our findings and others as we used
ELISA, others used mass spectrometry [17, 19]. Our data
supports published studies that reported higher levels
of hepcidin in CKD [20]. In the setting of CKD, increase
in serum hepcidin levels compared to controls might be
due to inflammatory up regulation and decreased renal
clearance of hepcidin which results in reduced availabil-
ity of plasma iron and anemia [21]. We found that serum
ferritin, the primary storage molecule for cellular iron,
positively correlated with hepcidin in our CKD patients
as previously documented [22]. The direct relationship of
hepcidin with ferritin may represent a protective effect of
hepcidin against iron overload [18]. However, there was
correlation between hepcidin and inflammatory markers
such as hsCRP this explain that CKD patients are prone
to develop IDA due to the presence of persistent low-
grade inflammation which induces Hepcidin and thereby
mediates reticuloendothelial cell block.

Also, in our study serum GDF-15 are significantly
elevated in CKD children than control and strongly
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correlated to CRP serum levels. There are possible
mechanisms that may explain the findings of increased
GDF-15 in anemia. First, GDF-15 may be an important
mediator in a negative feedback pathway where it sup-
press high hepcidin levels in CKD patients with iron defi-
ciency. Another explanation is that iron depletion could
independently cause GDF-15 induction in the erythroid
precursor cells as a result of iron sequestration in mac-
rophages as GDF15 is a product of macrophages acti-
vated by pro-inflammatory cytokines that present in
excess in CKD, Interestingly CRP induces GDF15 expres-
sion through the regulation of p53 binding sites in the
GDF15 promoter and they are also relevant markers of
inflammation [23].

Supporting the relationship of GDF-15 to the inflam-
matory status, We found a strong correlation between
both serum ferritin and CRP with GDEF-15. Moreo-
ver, median serum hepcidin and GDEF-15 level is higher
and statistically significant among participants with
higher ferritin level >300 pg/l. For every ng/ml increase
in serum ferritin level among CKD patients, log hepci-
din increased by 0.00251 (f=0.00251, P-value <0.0001),
In other words, hepcidin levels increased by 100 raised
to 0.00389 units for every ng/ml increase in serum fer-
ritin. Log GDF-15 decreased with every unit increase of
MCHC (B=0.0196, P-value=0.005) this explained by
cytokine blocks hepcidin expression and increases iron
absorption, thus leading to iron loading in these ane-
mias [24]. Besides, in response to anemia, erythroblasts
secretes GDF-15, which in turn suppresses hepcidin
expression and decrease iron stores [24]. Yilmaz et al.
and Wang et al. [23, 25], reported a significant correla-
tion between GDF15 and serum ferritin but Li et al. [26],
reported no significant correlation.

From our results, the high ferritin levels associated
with CRP and GDEF-15 may indicate the link between
iron homeostasis and the inflammatory response through
anemia of inflammation or chronic disease. Also, the
diagnostic performance of GDF-15 as a marker of inflam-
mation in CKD was comparable to CRP and better than
ferritin that is mostly elevated by iron overload associ-
ating CKD, qualifying GDF-15 as a surrogate marker of
inflammatory status in CKD. Similar results were found
by Bargenda et al. [27], Thorsteinsdottir et al. [28]

Another important finding in this study is the negative
correlation of GDF-15 with haemoglobin in CKD patients.
This finding is consistent with others [26, 29], but is in dis-
agreement with findings in non-CKD populations, where
GDF-15 was positively correlated with haemoglobin [30,
31]. This difference could be explained by racial differences
and diversity of ethnicity in the studied population.
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We also found that GDF-15 predicted anemia at a cut-
off value<724 pg/ml with a predictive value of 70.0%,
sensitivity of 82.98%, and specificity of 87.11%. In con-
trast, Tanno et al. [32]. found that there was no associa-
tion between iron deficiency and serum GDEF-15 levels.
Our study, therefore, suggests that GDF-15 can be a use-
ful diagnostic tool in patients with anemia. However,
inflammation-mediated changes seen in iron homoeo-
stasis may not induce the increased GDEF-15 levels in
patients with anemia, as serum ferritin levels did not cor-
relate with GDF-15 levels in this study and as reported by
Mast et al. [33]

Altough the major cause of anemia in this study was
ACD, we still have to be aware of mixed anemia because
it consists of one third of anemia in CKD. Treatment with
erythropoietin stimulating agents (ESA) could increase
Hb and ESA hypo or nonresponsive patients is com-
monly treated by increasing ESA dose. However, several
clinical trials in adults have highlighted the side effects
of ESA therapy, such as that affecting the cardiovascular
and cerebrovascular system as well as death [34].

This study recommends further exploration for anemia
in CKD, particularly in patients with no or less response
to the standard therapy. The measurement of hepcidin
and GDEF-15 is highly recommended and can be stand-
ardized universally so that in future it could be clinically
used routinely in those conditions.

Conclusion

GDEF-15 and hepcidin is involved in inflammatory
response that play an important role in anemia. It could
be a promising tools in predicting anemia in CKD
patients. It could be a step in precision medicine and
anti-cytokine treatment strategies in the future directions
aiming at the treatment of inflammation-associated ane-
mia and its subsequent complications. More extensive
studies are necessary to determine a reliable cut-off value
of serum hepcidin and GDF-15 in anemia diagnosis.
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