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SUMMARY
BACKGROUND: Hepcidin is an important regulator of iron homeostasis.

OBJECTIVES: This cross-sectional study was conducted to evaluate the association between hepcidin and components of metabolic
syndrome in patients with chronic kidney disease (CKD).

DESIGN AND SETTING: 103 CKD patients and 59 healthy volunteers were included in the study from the University Hospital.

METHODS: Serum hepcidin levels were measured by enyzme-linked immunosorbent assay (ELISA) test. As for the study parameters,
age, sex, body mass index, renal diseases, serum biochemistry, complete blood count, iron and total iron-binding capacity, ferritin,
high-sensitive C-reactive protein (hsCRP), C- reactive protein (CRP), and erythrocyte sedimentation rate (ESR) were evaluated.

RESULTS: The mean age of the patients was 58.63 + 11.8 years. Hepcidin level was significantly associated with hypertension and
higher uric acid levels (P < 0.05). There was a positive correlation between hepcidin and urea, uric acid, creatinine, ferritin, CRP, ESR,
phosphorus, triglyceride, low-density lipoprotein (LDL), proteinuria and albuminuria in 24-hour urine collection. A negative correlation
was found between hepcidin and estimated glomerular filtration rate (eGFR), hemoglobin, hematocrit, calcium, 25 OH vitamin D, pH,
and bicarbonate levels.

CONCLUSION: Hepcidin, a well-known hormone regulator of iron metabolism, may play an important role in the pathogenesis of metabolic
syndrome in patients with CKD, and further studies might delineate in-depth its potential as a promising early marker in these patients.

KEYWORDS: Hepcidins. Renal insufficiency, chronic. Metabolic syndrome.

INTRODUCTION

The metabolic syndrome (MetS) is a condition  disease (CKD) patients in all stages.' MetS is a com-
highly prevalent worldwide, involving nearly one-  bination of hyperglycemia, dyslipidemia, hyper-
fourth of the adult population and chronic kidney  tension, and obesity,? leading to increased risk for
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cardiovascular diseases, nonalcoholic fatty liver dis-
ease (NAFLD), and diabetes.

Excess body iron stores are frequently detected
in subjects with insulin resistance and related met-
abolic alterations.? The complex pathophysiological
links between iron and metabolic disorders remain
poorly clarified.?

Iron stores, expressed as serum ferritin concentra-
tion, are a component of insulin-resistance syndrome.
Circulating ferritin has been shown to be associated with
centrally distributed body fat and other measures of obe-
sity.*® In the healthy population, ferritin levels were pos-
itively correlated with the serum glucose level # Ferritin
levels were also correlated with diastolic arterial blood
pressure after adjustment for BMIL.* Moirand et al.¢ first
reported the presence of histologically proven liver iron
overload in overweight subjects with abnormal glucose
metabolism and dyslipidemia. Similarly high hepcidin
levels were linked to metabolic syndrome.”

Over the past ten years, hepcidin has emerged as
the key iron-regulatory hormone.® This defensin-like
25 amino acid peptide is mainly produced by the
liver in response to increased plasma or tissue iron
to homeostatically downregulate the absorption and
recycling of the metal.?

Animal studies have shown that hepcidin is directly
induced by insulin' and down-regulated in high-fat/
high-energy diet-induced insulin resistance.” More-
over, hepcidin levels have been found to be increased in
obesity because of autonomous production in adipose
tissue,” independently of insulin resistance, whereas
a high-fat diet reduced hepcidin levels because of
impaired iron absorption.®In severe obesity, serum
hepcidin concentrations were found to be elevated
without true iron deficiency™.

Hepcidin levels that were inadequately low in rela-
tion to body iron status have recently been reported
in subjects with type 2 diabetes™ and suggest relative
hepcidin deficiency as a potential cause of diabetes-re-
lated iron overload similar to that observed in genetic
hemochromatosis.”™'® Hepcidin may represent sig-
nals from obese adipose tissue that dysregulate not
only iron homeostasis but also components of meta-
bolic syndrome.

OBJECTIVES

This study aimed to investigate the relationship
between hepcidin and the main parameters of MetS
in CKD.

METHODS
Patient characteristics

This is a cross-sectional and observational study
that enrolled 103 CKD patients and 59 healthy vol-
unteers. Informed consent of the participants and
approval by the local ethics committee were obtained
before the study (KAEK/KOU 2012/29). The exclusion
criteria were: presence of an acute infection, history
of malignancy, pregnancy, age under 18 years or over
80 years, parenteral iron replacement or blood trans-
fusion within six months, history of bleeding within
four weeks, history of bleeding disorders, treatment
of erythropoietin stimulating agents within the past
two months, history of liver disease or Hepatitis B or
Hepatitis C infection, corticosteroid treatment, his-
tory of hemochromatosis or thalassemia, history of
hyperparathyroidism, or renal replacement therapy
within the last two months.

Study design

The patients’ demographic characteristics, anthro-
pometric measurements, body mass indexes (BMI), his-
tory of smoking and medical treatment, modality of renal
replacement treatment, and etiology of renal failure were
recorded. Blood samples were obtained after at least
eight hours of fasting and before the peritoneal or hemo-
dialysis session. Three milliliters of samples for hepcidin
measurement were centrifugated at 3000 rpm for ten
minutes and frozen at -20 °C until they were analyzed.

For all patients, the tests of complete blood count,
plasma albumin, total cholesterol, low-density lipopro-
tein (LDL), high-density lipoprotein (HDL), triglycerides
(TG), blood urea nitrogen (BUN), creatinine, C-reactive
protein (CRP), high sensitive CRP, alkaline phosphatase
(ALP), sodium (Na), potassium (K), calcium (Ca), phos-
phate (P), parathyroid hormone (PTH) levels, 25-OH
vitamin D, ferritin, iron, serum iron-binding capacity
(SIBC), vitamin B12, folic acid, uric acid, thyroid hor-
mones, lipid profile, Hepatitis B surface antigen

(HbsAg), antiHbs, antiHCV, venous blood gas analy-
sis, creatinine clearance, microalbuminuria, and daily
proteinuria were obtained.

Plasma hepcidin-25 levels were measured using
enzyme immunoassay (EIA) method (Competition
ELISA; DRG international inc, USA). Results were
expressed in pg/ml.

Statistical methods
Statistical analysis was performed using SPSS
for Windows (Version 17.0, Chicago, USA). The
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distribution of the dataset was evaluated prior to
the analyses. The association between hepcidin level
and measured variables was evaluated using Spear-
man’s rank correlation coefficient (rho). Normally
distributed categorical variables were described
using counts and percentages, with the mean value
(+standard deviation) used to describe continuous
variables. Non-normally distributed variables were
described by the median and range (minimum-maxi-
mum). Between-group differences (CKD versus control
group) were evaluated using the Mann-Whitney U Test
for non-parametric variables and Student’s t-test for
parametric variables. Comparisons of independent
variables between groups were evaluated using the
Kruskal-Wallis test for non-parametric data. A compar-
ison of dependent variables between the two groups
was performed using the Wilcoxon test. For all anal-
yses, significance was set at P<0.05.

RESULTS

The study population consisted of 103 CKD
patients [n = 103, 46 females, mean + standard error
of the mean (SEM) age 58.63 + 11.8] and 59 healthy
volunteers [n = 59, 29 females, mean (+ SEM) age 49.0
+10.5]. The demographic and biochemical character-
istics of the study population are given in Table 1.

As for the comorbidities, 61 (59.2 %) patients had
diabetes mellitus (DM), 90 (87.4%) hypertension, 24
(23.3%) coronary heart disease (CHD), 13 (12.6%) con-
gestive heart failure (CHF), 5 (4.9%) cerebrovascular
disease (CVD), 3 (2.9%) pulmonary artery hyperten-
sion (PAH), 9 (8.7%) hypothyroidism, and 4 (3.9%)
nephrolithiasis.

Out of 103 patients, 63 (61.2%) were using Angio-
tensin II receptor blockers (ARB), 25 (24.3%) angio-
tensin-converting-enzyme inhibitors (ACEinh), 26
(25.2%) Ca channel blockers, 7 (6.8%) essential ami-
no-acids, 14 (13.6%) alfa blockers, 29 (28.2%) diuret-
ics, 42 (40.8%) beta-blockers, 34 (33%) statins, 11
(10.7%) phosphate binders, 8 (7.8%) active vitamin
D, 30 (29.1%) insulin, 21 (20.4%) oral antidiabetics,
31(30.1%) acetylsalicylic acid, and 25 (24.3%) proton
pomp inhibitors. The association between hepcidin
and treatment with bicarbonate (p=0.001), essential
aminoacids (p=0.016), phospate binders (p=0.002),
allopurinol (p=0.001), active vitamin D (p=0.002),
and oral antidiabetics (p=0.013) were significant
while there was no association between hepcidin
and treatment with statins, ACEinh, ARB, Ca channel

blockers, alfa blocker, diuretics, beta blockers, and
vitamin D.

No correlation was found between hepcidin and
glucose levels. But a negative correlation between glu-
cose and iron (P=0.004, r=-0.227) was observed. There
was no significant difference between hepcidin levels
based on the presence or absence of diabetes melli-
tus (Mann-Whitney U, P=0.072, r=-0.178, P=0.072).

TABLE 1. DEMOGRAPHIC AND BIOCHEMICAL
CHARACTERISTICS OF THE STUDY GROUP

Patients (n= | Control (n P

103) = 59)
Age, years 586 +11.8 49.0 £10.5 0.0001
Male, n (%) 57 (55.3) 30 (50.8)
Female, n (%) 46 (44.7) 29 (49.2)
Height, cm 163.3£87 1634 £95 0.947
Weight, kg 773+135 729+ 127 0083
BMI, kg/m? 28355 270 +4.4 0.302
Glucose, mg/dL 131.7 £ 65.8 885+133 0.0001
Creatinine, mg/dL 21+21 0.7+01 0.0001
Urea, mg/dL 74.8 £56.5 299 +6.6 0.0001
TSH, ulU/mL 19+29 2345 0.246
Vitamin B12, pg/mL 328 £ 252 234 +134 0.005
Folic acid, ng/mL 92+134 8+28 0.405
HDL, mg/dL 27+14 46.8 £ 11.6 0.721
LDL, mg/dL 1181+ 351 1279+324 0.307
Creatinine clearance, ml/ 521+384
min
Albuminuria in 24-h urine, | 900.6 £ 1787.0
mg/day
Proteinuria in 24-h urine, 14541+ 2632.4
mg/day
PTH, pg/mL 101.0 £ 4.7 475177 0.0001
Vitamin D 25 OH, ng/mL | 187 £11.8 170+69 0.671
Albumin, mg/dL 40+04 44+0.2 0.001
Calcium, mg/dL 91+06 88+0.3 0.0001
Phosphate, mg/dL 3.7+12 31+05 0.001
Magnesium, mg/dL 22+02 23+03 0.262
ALP, U/L 86.3 £28.9 84.2+289 0.469
Uric acid, mg/dL 6319 46 +11 0.0001
Hepcidin, ng/ml 303247 17.8+84 0.016
eGFR, ml/min 44.2 £+ 30.6 100.8 £15.8 | 0.0001
Haemoglobin, g/dL 126+18 142+13 0.01
Haematocrit, % 383+56 432 +3.7 0.002
MCV,fL 90.3+54 914 +46 0.368
MPV, fL 791 77+11 0.545
Serum ferritin, ng/mL 90.6 £149.7 474 441 0.041
Serum iron, pg/dL 61.7+257 825+30.8 0.0001
Serum transferrin satura- | 21.7%+* 9.0 276 +11.0 0.001
tion, %

BMI=body mass index; TSH= thyroid-stimulating hormone; HDL= high-density lipopro-
tein; PTH= parathyroid hormone; ALP = alkaline phosphatase, eGFR = estimated glomer-
ular filtration rate; MCV = mean corpuscle volume; MPV = mean platelet volume.

P-value determined by the Mann-Whitney U test;
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However, the mean hepcidin level of non-diabetic
patients (22.8 + 26.4) was higher than those with DM
(19.2 + 23).

The mean hepcidin level (30.3 + 24.7 ng/ml) of
patients was higher than the control group (17.8 + 8.4
ng/ml), (P<0.05). The hepcidin level was significantly
associated with hypertension (P<0.05). There was a
positive correlation between hepcidin and urea, uric
acid, creatinine, ferritin, CRP, ESR, phosphorus, pro-
teinuria, and albuminuria in 24-hour urine collection.
A negative correlation was found between hepcidin
and creatinine clearance, eGFR, hemoglobin, hema-
tocrit, calcium, 25 OH vitamin D, Ph, and bicarbonate
levels (Table 2 and Figure 1).

DISCUSSION

Hepcidin is a well-known regulator of body iron
metabolism. In recent years more evidence supports
its effect on glucose and lipid metabolism. In a study
by Aigner et al.”, serum iron concentrations decreased
following 75g oral glucose, and hepcidin concentra-
tions increased within the first 120 minutes of oral
glucose. These results indicate that glucose negatively

TABLE 2. CORRELATION BETWEEN HEPCIDIN LEVEL
AND LABORATORY-BASED VARIABLES IN THE
CHRONIC KIDNEY DISEASE (CKD) GROUP

Correlation of hepcidin R P
Glucose -0.051 0.6M
BUN 0.615 0.0001
Urea 0.617 0.0001
eGFR -0.522 0.0001
Hb -0.431 0.0001
Sedimentation 0.374 0.0001
sCRP 0.397 0.0001
CRP 0.343 0.0001
Ferritin 0.737 0.0001
Iron -0.177 0.024
Transferrin Saturation 0.155 019
LDL 0477 0.002
Uric acid 0152 0.002
Creatinine clearance in 24-h urine -0.549 0.0001
Albuminuria in 24-h urine 0.305 0.002
Proteinuria in 24-h urine 0.300 0.002
Serum albumin -0.396 0.0001
Calcium -0.428 0.0001
Phosphate 0.454 0.0001
TG 0.367 0.002

eGFR = estimated glomerular filtration rate; BUN= blood urea nitrogen; Hb = haemo-
globin; sCRP = sensitive C-reactive protein; CRP= C-reactive protein; LDL = low-den-
sity lipoprotein; TG = triglyceride.

regulates iron metabolism and positively stimulates
hepcidin release from pancreatic beta cells. How-
ever, in our study, we did not find such a correlation
between hepcidin and glucose levels. However, a sig-
nificant negative correlation between glucose and iron
was observed, which is consistent with the previous
studies. Diabetes mellitus by itself was not related to
low hepcidin levels according to our study. Similarly,
there was no correlation between BMI and hepcidin
levels. There are many conditions like chronic inflam-
mation associated with high hepcidin levels besides
high glucose levels and dyslipidemia in CKD.

Insulin resistance, but not insulin deficiency or
hyperglycemia, is associated with inadequate hep-
cidin levels. Reduced hepcidin concentrations may
cause increased body iron stores in insulin-resistant
states.™" Patients with Type 2 diabetes had signifi-
cantly lower serum hepcidin and hepcidin/ferritin
ratio than weight-matched controls. There was a sig-
nificant negative correlation between the serum hep-
cidin/ferritin ratio and homeostasis model assessment
of insulin resistance."" Inadequate hepcidin levels
for the iron load in patients with Type 2 diabetes were
related to increased body iron and insulin resistance.™
Hepcidin levels that are inadequately low in relation
to body iron stores are an independent predictor
for incident Type 2 diabetes and may contribute to
diabetes-related tissue iron overload. In conclusion,
inadequately low hepcidin is a probable independent
predictor of incident Type 2 diabetes.?*'

An increased iron load is a risk factor for hyper-
tension, cardiovascular diseases, and MetS.?"2® It also
destroys pancreatic beta cells and leads to insulin
resistance and the development of Type 2 diabetes.?* In

a study conducted by Wang et al.'

, in streptozocin-in-
duced diabetic rats, hepatic hepcidin levels decreased
prominently. As a result, intestinal iron absorption,
serum iron, and hepatic iron increased. Similarly, in
diabetic patients after pancreatic cell damage, hep-
cidin levels decrease and iron accumulation is com-
monly observed. In our patients who were taking oral
antidiabetic treatment, we found significantly lower
levels of hepcidin compared to those not taking the
drug. A low level of hepcidin in diabetic patients with
decreased beta-cells is an expected finding.
Hyperuricemia is associated with so-called “car-
dio-metabolic diseases” including cardiovascular
disease and MetS.% In hyperuricemic patients; hyper-
tension, hyperinsulinemia, hypertriglyceridemia, and
diabetes are reported with a higher prevalence of MetS.
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FIGURE 1. CORRELATIONS OF HEPCIDIN WITH LOW-DENSITY LIPOPROTEIN (LDL), TRIGLYCERIDES (TG),
C-REACTIVE PROTEIN (CRP), SERUM C-REACTIVE PROTEIN (SCRP), 24-HOUR URINARY ALBUMIN
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Hyperuricemia is an indicator for early diagnosis of
MetS and its clinical manifestations.?*?® In a meta-anal-
ysis of prospective cohort studies, it is shown that
hyperuricemia is a risk factor for developing Type 2 dia-
betes in middle-aged and older people, independently
of other established metabolic risk factors.?

In our study, there was a statistically significant
positive correlation between hepcidin and serum uric
acid levels in CKD patients and healthy volunteers.
We also found a statistically significant positive cor-
relation between uric acid and sCRP, CRP, and sedi-
mentation levels in the patient group. Hyperuricemia

REV ASSOC MED BRAS 2020; 66(8):1100-1107
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is a significant risk factor for atherosclerosis, MetS,
hypertension, and worsening of insulin resistance.
Lobo et al.* investigated the relationship between
uric acid and inflammation in hemodialysis patients
and reported a positive correlation between the uric
acid level and inflammatory markers. In hemodialy-
sis patients, uric acid levels were found to be higher
than in the control group. There are no similar studies
in the literature comparing hepcidin with uric acid
levels. However, it can be considered that uric acid
levels might increase indirectly with inflammation.
In fact, the relationship between uric acid and hepci-
din is more like a vicious cycle affecting both sides,
ultimately leading to adverse effects on cardiovascular
health and increasing the risk of MetS in CKD.

In our study, there was a positive correlation
between triglyceride (TG) and hepcidin and negative
correlation between HDL and hepcidin. As an import-
ant contributor to MetS, lipid levels were found to be
significantly associated with hepcidin. In the litera-
ture, there is one study evaluating this relationship
in kidney transplant patients reporting a positive cor-
relation between hepcidin and hyperlipidemia.?' In
a study evaluating the effect of hepcidin on systolic
blood pressure in healthy individuals, Suarez-Ortegon
et al.* reported a significant association between hep-
cidin and TG in healthy women. In our study, we found
significantly higher levels of inflammatory markers in
CKD patients, thus supporting the presence of ongo-
ing chronic inflammation, commonly seen in these
patients. Chronic inflammation leads to increased
hepcidin and this, in turn, leads to disorders of iron
homeostasis, inducing iron overload with elevated
serum ferritin. The presence of hyperlipidemia with
chronic inflammation leads to further renal injury and
cardiovascular diseases. In a study by Li et al.® hepci-
din levels were analyzed in hemodialysis patients with
diabetes mellitus. Increased serum hepcidin levels in
hemodialysis patients with diabetes mellitus, when
compared to non-diabetic patients and the general pop-
ulation, were found to be an important contributor to
atherosclerosis and cardiovascular risk factors. In a
hyperlipidemic mouse model, hepcidin deficiency was
found to be associated with low macrophage iron, a
decreased aortic macrophage inflammatory pheno-
type, and protection against atherosclerosis. This
shows that low hepcidin activity and related reduced

macrophage iron might be a potential therapeutic
strategy in the prevention of atherosclerosis®.
Similar to our findings, the relationship between
hepcidin and metabolic syndrome in CKD was shown
in previous studies "". Hypertension was also found
to be related to high hepcidin levels in our study. The
effect of hepcidin levels on systolic blood pressure,
especially in men, was also demonstrated in healthy
indivuals®. Proteinuria was positively correlated with
hepcidin independently from blood pressure readings,
blood glucose levels, and eGFR in our patients. It is
known that serum hepcidin-25 levels are not depen-
dent on eGFR but hepcidin isoforms can accumulate

t*. Similarly, in a study evalu-

with renal impairmen
ating the hepcidin effect on the progression of CKD,
hepcidin was related to mortality, along with greater
proteinuria and elevated CRP3¢. In this study, hepcidin
was considered to be a predictor for the progression
of CKD, besides baseline eGFR, proteinuria, low albu-
min, and Hb levels and the presence of CKD. These
facts also strengthen the possible role of hepcidin in
predicting CKD progression.

It is well documented that hepcidin is a marker
in the MetS associated with hyperferritinemia®.
Our results on CKD patients suggest that hepcidin
is involved in the MetS pathophysiology and, thus,
it might be used as an early marker for MetS in
these patients.

In conclusion, hyperhepcidinemia might be
another important prognostic feature of MetS. The
exact role of hepcidin in the progression of insulin
resistance, atherosclerosis, and CKD needs to be fur-
ther clarified in future research.
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RESUMO
FUNDAMENTO: A hepcidina é um importante regulador da homeostase do ferro.

OBJETIVOS: Este estudo transversal foi realizado para avaliar a associagdo entre hepcidina e componentes da sindrome metabdlica em
pacientes com doenga renal crénica (DRC).

PROJETO E LOCAL: Cento e trés pacientes com DRC e 59 voluntdrios sauddveis foram incluidos no estudo no Hospital Universitdrio.

METODOS: Os niveis séricos de hepcidina foram medidos pelo teste imunoenzimdtico (Elisa). Quanto aos parémetros do estudo, idade, sexo,
indice de massa corporal, doengas renais, bioquimica sérica, hemograma completo, capacidade de ligagdo total de ferro e ferro, ferritina,
proteina C reativa altamente sensivel (hsCRP), proteina C reativa (PCR) e taxa de sedimentagdo de eritrocitos (VHS) foram avaliados.

RESULTADOS: A idade média dos pacientes foi de 58,63#11,8 anos. Niimero de pacientes em cada estdgio da DRC, do estdgio | ao estdgio V
(ndo em terapia renal substitutiva). O nivel de hepcidina foi significativamente associado & hipertensdo e niveis mais altos de dcido urico
(P <0,05). Houve correlagdo positiva entre hepcidina e ureia, dcido drico, creatining, ferritina, PCR, VHS, fésforo, triglicerideo, lipoproteina
de baixa densidade (LDL), proteindria e albumindria na coleta de urina de 24 horas. Foi encontrada correlagdo negativa entre hepcidina
e taxa de filtragdo glomerular estimada (TFGe), hemoglobina, hematécrito, cdlcio, 25 OH de vitamina D, pH e niveis de bicarbonato.

CONCLUSAO: A hepcidina é um horménio bem conhecido que regula o metabolismo do ferro, mas também pode ser um importante
contribuinte para os componentes da sindrome metabélica em pacientes com DRC.

PALAVRAS-CHAVE: Hepcidinas. Insuficiéncia renal crénica. Sindrome metabdlica.
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