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ABSTRACT

Hepcidin plays an important role in the impairment of iron metabolism in diseases associated with chronic inflammation. Our study
aimed to compare hepcidin levels in patients with type 2 diabetes mellitus (T2DM), cancer, chronic kidney disease (CKD), Human
Immunodeficiency Virus (HIV) infection, and tuberculosis (ITB).

This was an observational study with an analytical cross-sectional design conducted from November 2020 to December 2021. The
subjects included in this study were patients aged 18 years or older who were diagnosed with T2DM; solid and hematologic cancers
that did not receive chemotherapy, radiation, or surgery; patients with CKD stage 3 or higher with or without dialysis therapy; HIV-
infected patients; and patients diagnosed with pulmonary and extrapulmonary tuberculosis. A total of 407 participants were included
in this study. Comparison of hepcidin levels across different disease populations was analyzed with the Kruskal-Wallis test followed
by Mann-Whitney post-hoc analysis.

The median level of hepcidin that we obtained in all subjects studied was 40.2 (minimum-maximum: 1.32-283.41) ng/ml. We found
significant differences in hepcidin levels in each disease category. The highest median hepcidin levels were found in patients with
cancet.

Differences in hepcidin levels indicate differences in the degree of inflammation, reflecting the dysregulation of iron metabolism in

T2DM, cancer, CKD, HIV infection, and tuberculosis.
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Introduction

The regulation of iron metabolism is a complex
process that involves certain proteins. Hepcidin, a
peptide predominantly synthesized in the liver, plays a
critical role in the regulation of iron homeostasis (1).
Hepcidin regulates iron absorption in the duodenum
and iron release by macrophages by degrading and
internalizing ferroportin in response to iron levels in
the body. Other factors such as infections and
inflammatory processes also play a role in modulating
hepcidin levels in the plasma (2,3).

Several studies have determined the role of hepcidin
in the pathogenesis of several diseases, patticularly
those associated with chronic inflammation. Type 2
diabetes mellitus (T2DM) is a chronic inflammatory
disease. It has been found that there is an increase in
circulating  inflammatory  cytokines,  especially
interleukin-6  (IL.-6), which can stimulate the

production of hepcidin  (4-6). Although the
mechanism is unclear, insulin resistance in T2DM is
known to correlate with impaired iron metabolism.
Iron is a strong pro-oxidant that functions as a
catalyst in enzymatic reactions, forming reactive
oxygen species (ROS), which can cause oxidative
stress and affect insulin secretion by the pancreas (7).

Cancer is a chronic inflammatory state that affects the
iron metabolism (8). Studies by Kovacevic and
Richardson have reported that angiogenesis and
metastasis are associated with increased ROS levels
due to increased iron levels (9). Iron functions as a
cofactor for enzymes that play a role in cancer cell
proliferation (10). Tumor cells have been found to
have higher transferrin receptor expression and iron
requirements than normal cells, and thus are more
sensitive to iron deprivation (11). A reduction in
serum iron levels also significantly reduces mortality
in cancer patients (12).
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The inflammatory state occurs in patients with early
stage chronic kidney disease (CKD) and is increasing
in end-stage renal disease with dialysis therapy.
Several inflammatory markers such as tumor necrosis
factor-a (TNF-a), IL-6, and C-reactive protein (CRP)
are elevated in CKD (13). Mild to moderate
inflammatory conditions in patients is associated with
decreased effectiveness of oral iron therapy as a result
of decreased duodenal absorption (14,15).

An inflammatory state resulting from chronic
immune activation is known to occur in the early
stages of HIV infection (16). High levels of hepcidin
in circulation cause an increase in intracellular
macrophage iron, which triggers an increase in the
destruction of macrophages and CD4 lymphocytes,
which is associated with the progression of HIV
infection. In vitro studies show that the absence of
hepcidin causes an increase in iron export via
ferroportin and decreases HIV-1 transcription, the
addition of hepcidin causes an increase in intracellular
iron and an increase in HIV replication in
macrophages and CD4 lymphocytes (17).

Mycobacteria in macrophages obtain iron for growth
from extracellular soutces, such as transferrin, and
from the intracellular labile iron pool (18,19). Iron
overload has been found to accelerate the growth of
Mycobacterium tuberculosis (M. tuberculosis) (20,21).
The increase in hepcidin causes iron deprivation by
macrophages, which aims to limit iron for bacterial
growth, in accordance with studies that found that
iron chelation can inhibit the growth of M.
tuberculosis (22). Hepcidin is also a component of the
innate immune response which has antimicrobial
activity by inhibiting the growth of M. tuberculosis in
vitro (23).

Our study aimed to compare hepcidin levels in
patients with T2DM, cancer, CKD, HIV infection,
and tuberculosis. By determining the difference in
hepcidin levels, we can determine the difference in
the degree of inflaimmation that reflects the
dysregulation of iron metabolism in each disease.

Materials and Methods

Study design and participants: This study is an
observational study with an analytical cross-sectional
design conducted at Professor Ngoerah Hospital,
Bali, Indonesia, from November 2020 to December
2021. The subjects included in this study were
patients aged 18 years or older who were diagnosed
with T2DM; solid and hematologic cancers that have
not received chemotherapy, radiation, or surgery;
patients with CKD stage 3 or more with or without
dialysis therapy; HIV-infected patients; and patients
diagnosed with pulmonary and extrapulmonary

tuberculosis. Patients diagnosed with iron deficiency
anemia, undergoing oral or parenteral iron therapy,
active infection, hepatic cirrhosis, thalassemia,
autoimmune hemolytic anemia, receiving a blood
transfusion in the past 1 month, and pregnant women
were excluded from this study. This study included
407 participants.

This study was approved by the Ethics Commission
of the Faculty of Medicine, Udayana University
(LB.02.01/X1V.2.2.1/41413/2020). All participants
signed an informed consent form.

Data Collection: Epidemiological and clinical data
were collected through history taking, physical
examinations, and medical record tracing. Venous
blood samples (5 mL) were collected for hepcidin
examination. The blood in the tube was centrifuged
to obtain 3 ml of plasma and stored in a refrigerator
at-40 °C for serum hepcidin examination. Hepcidin
was  examined  using  the  Enzyme-linked
Immunosorbent Assay (ELISA) method. The kit used
was DRG Hepcidin 25 (bioactive) HS ELISA EIA-
5782, DRG Instruments GmbH, Germany; the
results were in nanogram/milliliter (ng/ml).

Statistical Analysis: All data were descriptively
analyzed. Comparison of hepcidin across different
disease populations analyzed with the Kruskal-Wallis
test continued with Mann-Whitney post-hoc analysis.
All data were analyzed using the Statistical Package
for the Social Sciences (SPSS) version 23. Statistical
significance was set at p < 0.05.

Results

A total of 407 participants participated in this study,
with a median age of 47 years. The median hepcidin
level we found in all the subjects studied is 40.2
(minimum-maximum: 1.32-283.41) ng/ml. Using
Kruskal-Wallis  analysis, found significant
differences in hepcidin levels among the disecase
categories studied. In the Mann-Whitney’s post-hoc
analysis, we found significant differences in hepcidin
levels in each disease category compared (Table).

we

Median hepcidin and hemoglobin levels in each
disease category are presented in Figure 1 and Figure
2. Median hepcidin levels are found to be highest in
the cancer patient population, as well as hemoglobin
levels, which are found to be lowest in the cancer
patient population.

Discussions

Our study found significant differences in
hepcidin levels between each disease category.
Although there are wide reference ranges and
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Table 1: Results of Kruskal-Wallis Analysis Followed By Post Hoc Mann-Whitney Analysis

Disease category

Variable All subject Median (minimum-maximum) >
n = 407 Diabetes Cancer CKD HIV TB
n = 81 n =98 n =61 n=79 n = 88
Age, years 47 (18-83) 55 (18-53) 48 (18-79) 53 (18-80) 35 (18- 39 (18- 0.33
56) 75)
Sex, n (%)
Male 204 (50.1) 43 (53.1) 50 (51.0) 32 (52.5) 41 (51.9) 45 (51.1) 0.37
Female 203 (49.9) 38 (46.9) 48 (49.0) 29 (47.5) 38 (48.1) 43 (48.9)
Leukocytes, 9.69 (1.75 10.15 9.48 (1.9- 10.96 9.2 (1.75- 8.92 0.383
%103 pL -88.9) (2.34- 88.9) (2.34- 28) (3.79-
20.94) 20.92) 20.94)
Hemoglobin,  9.64 (5.5- 12.65 (8.3- 8.1 (5.5- 8.47 10.7 (7.0- 10.95 < 0.001*a
gr/dl 17.84) 17.84) 9.9) (5.84- 16.01) (5.8-
9.96) 16.99)
MCV, fl 83.97 85.54 82.45 85.85 84.46 82.59 0.11
(52.79- (59.49- (57.21- (52.79- (70.7- (60.68-
109.6) 96.47) 109.6) 105.0) 98.2) 95.73)
MCH, pg 26.6 (11.1- 27.64 26.25 26.84 26.99 25.76 0.23
37.0) (17.41- (11.11- (16.37- (22.16- (16.9-
33.05) 35.0) 32.76) 37.0) 30.0)
Platelet, 325 (83- 279 (143- 344 (93- 366 (88- 329 (88- 381 (83- 0.14
X103 pL 820) 820) 770) 820) 755) 708)
BUN, 13 (2.8- 11.0 (2.8- 13.0 (2.8- 15.0 (5.0- 10.0 (4.2- 143 (3.5- 0.003*b
mg/dL 100.0) 46.0) 100,0) 100.0) 38.0) 46.0)
SC, 0.89 (0.26- 0.65 (0.28- 0.73 7.7 (1.46-  0.76 (0.3- 1.56 < 0.001*c
mg/dL 28.4) 1.73) (0.29- 28.60) 1.73) (0.26-
24.57) 21.8)
SGOT, 31.2(7.9-  33.2(7.9- 23.77(7.9- 38.0(8.7- 35.3 34.6 (8.7- 0.35
U/L 237.0) 37.0) 168.0) 125.9) (14.1- 98.9)
125.9)
SGPT, 22.0 (4.0 - 21.0 (14.0- 16.95 23.3 (6.6- 27.6 23.0 0.19
U/L 178.1) 178.1) (14.0 - 144.2) (15.0- (13.0-
96.0) 178.1) 76.0)
Hepcidin, 40.2 (1.32-  44.5 (1.88- 63.64 13.12 45.89 32.5 < 0.001*d
ng/mL 283.41) 223.87) (1.6- (2.67- (4.98- (1.32-
147.89) 62.44) 283.41) 167.01)

MCV: mean corpuscular volume; MCH: mean corpuscular hemoglobin; BUN: blood urea nitrogen; SC: serum
creatinine; SGOT: Serum glutamic oxaloacetic transaminase; SGPT: Serum Glutamic Pyruvic Transaminase

*: statistically significant by Kruskal-Wallis test

a: Post-hoc Mann-Whitney test for hemoglobin level variables: diabetes vs. cancer, p < 0.001; diabetes vs. CKD, p
< 0.001; diabetes vs. HIV, p < 0.001; diabetes vs. tuberculosis, p < 0.001; cancer vs. CKD, p = 0.289; cancer vs.
HIV, p < 0.001; cancer vs. tuberculosis, p < 0.001; CKD vs. HIV, p < 0.001; CKD vs. tuberculosis, p < 0.001;
HIV vs. tuberculosis, p = 0.798.

b: Post-hoc Mann-Whitney test for BUN variables: CKD vs. diabetes, p = 0.008; CKD vs. cancer, p < 0.018; CKD
vs. HIV, p = 0.001; CKD vs. tuberculosis, p = 0.033; analysis of other variables showed no statistically significant
difference.

c: Post-hoc Mann-Whitney test for SC variables: CKD vs. diabetes, p < 0.001; CKD vs. cancer, p < 0.001; CKD vs.
HIV, p < 0.001; CKD vs. tuberculosis, p < 0.001; analysis of other variables showed no statistically significant
differences.

d: Post-hoc Mann-Whitney test for variable hepcidin levels: diabetes vs. cancer, p < 0.001; diabetes vs. CKD, p <
0.001; diabetes vs. HIV, p < 0.001; diabetes vs. tuberculosis, p < 0.001; cancer vs. CKD, p < 0.001; cancer vs.
HIV, p = 0.045; cancer vs. tuberculosis, p < 0.001; CKD vs. HIV, p < 0.001; CKD vs. tuberculosis, p < 0.001;
HIV vs. tuberculosis, p = 0.003.
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Fig. 1. Median Hepcidin Levels in Each Disease
Category

there is no standardization for measuring hepcidin
levels, our study found that all five disease
categories had higher hepcidin levels than the
general population (24). The study by Galesloot et
al. in a general population found that the median
hepcidin level was 7.8 nmol/L (3.125 ng/ml) in
males and 6.5 nmol/L (2.60 ng/ml) in females
(25).

The highest median hepcidin levels were found in
the cancer patient population; interestingly, the
median hemoglobin levels were also found to be
lowest in the cancer patient population. Several
studies have reported increased levels of hepcidin
in patients with solid cancers, including colorectal
carcinoma, prostate cancer, and renal cell
carcinoma (26-28). Elevated levels of hepcidin
have also been found in hematologic cancers such
as Hodgkin lymphoma and multiple myeloma
(29,30). Hepcidin levels are found to be associated
with 1L-6 levels, cancer stage, presence of lymph
node metastases, and distant metastases
(10,27,28). Increased hepcidin concentration and
hypoferremia are host defense mechanisms against
iron overload through the redistribution of iron
into macrophages, thereby reducing iron in the
tumor microenvironment and inhibiting tumor cell
proliferation (31).

Anemia is a complication that often occurs in
patients with cancer, with a prevalence of
approximately 40% (32). Mortality was found to
be higher in cancer patients with anemia,
independent of the cancer type (33,34). Anemia in
cancer is associated with a chronic inflammatory
state characterized by elevated levels of IL-0,
CRP, serum ferritin, and hepcidin (35). IL-6 is the
most clinically important cytokine that stimulates
hepcidin elevation (36,37). The redistribution of
iron caused by hepcidin plays a role in the
mechanism of anemia in cancer patients, where
iron is not available for erythropoiesis, even
though iron stores in the body are adequate (10).

oo
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Fig. 2. Median hemoglobin levels in each disease
category

This indicates that the higher the degree of
anemia, the higher is the degree of inflammation
(38). Inappropriate treatment of anemia in cancer
patients, such as iron therapy or blood
transfusions, can lead to iron overload without
improving anemia (10).

We found hepcidin levels in the HIV population
were the second highest after the cancer
population. Studies in HIV patients found that
serum hepcidin levels were negatively correlated
with hemoglobin levels and CD4 lymphocyte
counts and positively correlated with ferritin
levels. These results suggest that elevated hepcidin
levels are associated with advanced stages of HIV
infection and degree of inflammation (39).
Reduced availability of iron for erythropoiesis,
myelosuppression, decreased production of
erythropoietin, and opportunistic infections are
the underlying pathogenesis of anemia in HIV
patients. Anemia occurs even before antiretroviral
therapy is initiated (16). Elevated hepcidin levels,
impaired iron metabolism, and anemia are
associated with increased mortality in patients
with HIV infection (40,41).

In the diabetic population, we found higher
median hepcidin levels compared to the general
population based on Galesloot et al's study, the
third highest after cancer and HIV populations.
Studies on hepcidin levels in diabetic populations
have reported different results. A study by Jiang et
al. found an increase in hepcidin levels in T2DM
compared to the control group (42). In the T2DM
group, an increase in leukocyte, CRP, and IL-6
levels was also found, suggesting that
inflammatory conditions are associated with
increased hepcidin production (42,43). The source
of hepcidin production, other than the liver, is the
pancreatic beta cells (44). Increased plasma
glucose levels can stimulate insulin and hepcidin
production. An increase in serum hepcidin levels
was found in subjects administered glucose
compared to controls administered only water
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(45). Elevated hepcidin levels in T2DM are
influenced by body weight and are accompanied
by subclinical anemia (46). However, a study by
Wang et al. showed conflicting results; there was a
decrease in hepatic hepcidin production, leading
to an increase in serum iron. This condition is
caused by reduced insulin stimulation of hepcidin
production via signal transducer and activator of
transcription 3 (STAT3) which functions as a
transcriptional modulator of hepcidin (47).

The tuberculosis population also had higher
hepcidin levels than the general population, the
fourth highest after cancer, HIV, and diabetes.
Tuberculosis is a chronic inflammatory state, and
anemia is a common complication of tuberculosis
(48,49). Sow et al. showed that mycobacterial
infection and increased interferon-y (IFN-y) levels
can stimulate hepcidin production (23). This
increase in hepcidin production is part of the host
defense  mechanism  against  mycobacterial
infections. Hepcidin has also been known to have
antimicrobial activity (50). In vitro studies have
shown that the incubation of M. tuberculosis with
hepcidin inhibits its growth. Furthermore, this
inhibition is caused by the lysis of M. tuberculosis
due to the destruction of bacterial membrane
integrity (23).

In the CKD patient population, median hepcidin
levels were found to be the lowest compared to
those in other disease populations. Increased
hepcidin levels in patients with CKD were
associated with mild-to-moderate inflammation
and decreased hepcidin clearance concomitantly
with a decreased glomerular filtrate rate (15,51).
Hemodialysis or peritoneal dialysis augments the
inflammatory state that results from infection and
exposure of the blood to foreign bodies, such as
dialysis membranes, which stimulates further
increases hepcidin  concentrations  (52).
Hepcidin levels may decrease as a result of
hemodialysis procedures because they can cross
the dialysis membrane (53), but the rebound may
due to increased hepcidin production
several hours after hemodialysis procedures (54).
We found that the median hemoglobin level in the
CKD patient population was the second lowest
after cancer patients, although the median
hepcidin level was the lowest compared to other
disease populations. The etiology of anemia in

in

occur

CKD is multifactorial, with decreased
erythropoietin production being the main cause.
Other causes include decreased erythrocyte
survival, nutritional deficiencies, hemolysis,

inhibition of erythropoiesis by uremic toxins,
frequent blood sampling, and blood loss during

hemodialysis procedures (55,56). Iron cannot be
released quickly from storage under inflammatory
conditions  with  high serum  hepcidin
concentrations, leading to functional iron
deficiency.  This  condition  reduces  the
effectiveness of erythropoietin-stimulating agent
therapy, which is known as erythropoietin
resistance (57,58).

A limitation of this study is its single-center design
and the absence of hepcidin level measurements in
healthy individuals for comparison with patients
exhibiting chronic inflammatory states.

We found significant differences in hepcidin levels
in chronic inflammatory state disease populations.
The cancer population had the highest hepcidin
levels, followed by the HIV, diabetes,
tuberculosis, and CKD populations. Differences
in hepcidin levels indicate differences in the

degree of  inflammation, reflecting  the
dysregulation of iron metabolism in these
populations. Further research is required to

modify hepcidin levels to prevent the progression
of chronic inflammatory diseases.
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