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ABSTRACT The metabolic syndrome is a condition highly prevalent in western countries. The serum ferritin concen-
tration reflects iron stores in the body. In the last fifteen years, hepcidin was established as the key iron-

regulatory hormone, closely related with metabolic syndrom. Aim of this study is to find еlevated serum hepcidin and 
ferritin levels in patients with metabolic syndrom in Macedonian population.The analysed group consisted of 240 sub-
jects – 50% of them with metabolic syndrome and 50% control group. Hepcidin levels were measured with ELISA kit 
(DRG Hepcidin-25 bioactive, Marburg). Мetabolic syndrome subjects have significantly higher serum levels of both fer-
ritin and hepcidin as compared to subjects in control group.The concentration of serum hepcidine and ferritin are as-
sociated with gender, males had higher levels compared to females for both groups-control and group with metabolic 
syndrom. 

Introduction
The metabolic syndrome (MetS) is a condition highly 
prevalent in western countries, involving near one fourth 
of the adult population (1). Although definitions vary, the 
essential features of MetS are represented by the deadly 
quartet of hyperglycemia, dyslipidemia, hypertension, and 
obesity  (2), leading to a substantial cardiovascular risk, but 
also to risk of hepatic diseases, namely nonalcoholic fatty 
liver disease. 

Iron is a ubiquitous metal of vital importance to the nor-
mal physiologic processes of many organisms (3). The first 
evidence linking iron to MetS was the observation that 
patients with hereditary hemochromatosis were at higher 
risk of developing type II diabetes (4,5). Hemochromatosis 
is an inherited disorder commonly associated with Euro-
pean ancestry. Patients with type 2 diabetes have a high 
frequency of the C282Y mutation of the hemochromatosis 
gene (6). The prevalence of diabetes (23%) and impaired 
glucose tolerance (IGT) (30%) increased in hemochromato-
sis compared with matched control subjects (0% diabetes 
and 14% IGT) (5).

The serum ferritin concentration reflects iron stores in the 
body (7). Ferritin is a large hollow, symmetrical protein, 
usually comprised of mixtures of two kinds of paired ho-
mologous but not identical subunits (heavy and light; H 
and L; about 20 kDa) expressed from separate genes, for 
a total 24 subunits and a molecular weight of about 480 
kDa (8-10). 

In the last fifteen years, hepcidin was established as the 
key iron-regulatory hormone (11). Human hepcidin is pre-
dominantly produced by hepatocytes as a 25 amino acid 
peptide (2789.4 Da) (12,13). At the molecular level, hep-
cidin acts by binding and inactivating its cell membrane 
receptor ferroportin, the only known cellular iron exporter. 
Ferroportin is particularly expressed by cells critical for iron 
homeostasis, like absorbing duodenal enterocytes, reticu-
loendothelial macrophages (involved in iron storage and 
recycling), and hepatocytes (involved in iron storage and 

endocrine regulation) (14). Given its central role in iron ho-
meostasis, Martinelli et al. (15) in 2012 for the first time re-
ported increased serum hepcidin levels in subjects with the 
MetS.

Aim of this study is to find еlevate serum hepcidin and fer-
ritin levels in patients with metabolic syndrom in Macedo-
nian population.

Material & Methods, 
The study included 240 subjects - 60 males with MetS and 
60 males as control group; 60 females with MetS and 60 
females as control group. The present study only analyzed 
data on adults, aged ≥19 years old. In this analysis we in-
cluded subjects with available complete data allowing their 
classification according to established criteria for MetS. In 
detail, the following features were considered: 1) abdomi-
nal obesity, defined as the presence of waist circumference 
≥102 cm in men or ≥88 cm in women; 2) fasting plasma 
glucose ≥ 6.1 mmol/l or drug treatment for elevated blood 
glucose; 3) serum triglycerides ≥ 1.69 mmol/l or drug treat-
ment for elevated triglycerides; 4) serum HDL cholesterol 
in men< 1.03 mmol/l and <1.29 mmol/l in women or drug 
treatment for low HDL- cholesterol; 5) blood pressure 
≥130/85 mmHg or drug treatment for elevated blood pres-
sure. Subjects were considered to have MetS when they 
had at least three of the above-mentioned five traits.

Exclusion criteria were as followed: cirrhosis or chronic 
hepatitis B and C, clinical evidence of bleeding in the pre-
vious 6 months, anemia (hemoglobin <120 g / L), treat-
ment with iron in the previous year, alcohol consumption 
- women with daily consumption of alcohol > 40 g / day 
and men with daily alcohol consumption > 60 g / day, do-
nation of blood in the previous 6 months, haemochroma-
tosis, concomitant infections, malignant disease, chronic 
diseases other than diabetes mellitus type 2, immunosup-
pressive therapy, acute infections or invasive procedures 
(operations, catheterization) in the previous 6 months, neu-
rological, endocrine or other systemic diseases, cardiovas-
cular incident in the previous 6 months and pregnancies.
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Ethics approvals for the study protocol and analysis of the 
data were obtained from the institutional review board of 
PHO dr. Trifun Panovski Clinical Hospital. Written informed 
consent was obtained from all subjects.

Clinical and laboratory measurements
Study data included a medical history, a physical exami-
nation, information provided by a questionnaire, anthro-
pometric measurements, and laboratory measurements. 
The medical and drug prescription history were assessed 
by the examining physicians. All of the participants were 
asked to respond to a health-related behavior question-
naire, which included the topics of alcohol consumption, 
smoking, and exercise.In addition, the participants were 
asked about the frequency per week of physical activities 
they engaged in that lasts long enough to produce perspi-
ration such as jogging, bicycling, and swimming (≥1 time/
week).

Blood samples were collected after 12 h of fasting and 
drawn from an antecubital vein. Serum levels of enzymes, 
lipid profile, CRP, fasting serum glucose, urea, creatinine, 
iron, ferritin wer measured by automated chemistry analyz-
er (Biosystems, Spain). Hepcidin levels were measured with 
ELISA kit (DRG Hepcidin-25 bioactive ELISA, Marburg). 

The data are presented as mean± standard deviation (SD). 
The results were done with the SPSS version 13. 

Results
The analysed group consisted of 240 subjects – 120  pa-
tients with MetS and 120 subjects in control group. 

The values of the age in control group are present in Table 
1.

Control 
group

Control 
group

Descriptive Statistics – age

p-value
N mean ± SD min – 

max

Total 120 41,65 ± 12,3 18 – 60

Male 60 39,73 ± 
12,25 18 – 60 t = 1,7  p = 0,089 

NS
Female 60 43,57 ± 12,2 23 – 60
 
As we can see in Tab.1 there is no significant statistical dif-
ference between age of male and female participants in 
control group.

Table 2. Present mean values ±SD, median, rang of se-
rum concentrations of: iron, ferritin, trensferin and hep-
cidine in control group.

Variable
Control group       p-value
Total

N = 120

Male

n = 60

Female

n = 60

Iron (µmol/l)

mean±SD, 
median, rang

13,97 ± 6,0

13,1

3,7 – 32,4

15,03 ± 
5,77

13,85

4,5 – 32,4

12,91 ± 
6,1

12,2

3,7 – 
27,6

Z = 2,08

p = 0,037*

Ferritin (ng/
ml)

mean±SD, 
median, rang

94,59 ± 65,9

82,0

9,0 – 309,0

120,2 ± 
70,67

116,0

9 – 309

69,01 ± 
49,36

56,0

10 – 
257

Z = 4,12

p = 
0,00004**

Transferin 
(mg/dl)

mean±SD, 
median, rang

256,6 ± 
52,54

249,0

134,0 – 
416,0

279,9 ± 
56,28

276,5

185 – 416

232,86 
± 35,44

238

134 – 
335

t = 5,45

p = 
0,000**

Hepcidin 
(ng/mL)

mean±SD, 
median, rang

9,25 ± 6,45

6,77

1,23 – 36,46

12,34 ± 
7,37

10,97

3 – 36,5

6,16 ± 
3,2

5,6

1,23 – 
14,75

Z = 5,38

p = 
0,000**

 
*p<0,05   **p<0,01
 
In Tab. 2 we can see that there is a significant statistical 
difference between males and females serum concentra-
tions of iron, ferritin, transferine and hepcidine in partici-
pants included in control group. We can see that concen-
tration of iron, ferritin, transferine and hepcidine is higher 
in males control group in a correlation with female partici-
pants in control group.

The values of the age in subjects with MetS are present in 
Table 3.

Descriptive Statistics – age
p-value

N mean ± SD min – 
max

Total 120 52,87 ± 7,42 32 – 60

Male 60 51,03 ± 7,94 35 – 60 t = -2.78  
p=0,006** 
NSFemale 60 54,7 ± 6,43 32 – 60

**p<0,01
 
In Tab. 3 we can see that there is not statistical significant 
difeference between age of patients with MetS.

Table 4. Present serum concentrations of iron, ferritin, 
trensferin and hepcidine in subjects with the MetS.

Variable
Patients with MetS

p-valueTotal

N = 120

Male

n = 60

Female

n = 60
Iron (µmol/l)

mean±SD, 
median, 
rang

15,79 ± 
5,28

14,95

5,7 – 28,8

17,23 ± 
5,22

16,3

7,6 – 28,8

14,36 ± 
4,99

13,5

5,7 – 24,4

t = 3,07

p = 
0,0026**

Ferritin (ng/
ml)

mean±SD, 
median, 
rang

158,47 ± 
118,75

129,0

11,0 – 
668,0

197,9 ± 
142,57

149,5

34 – 668

118,98 ± 
70,31

111,5

11 - 456

Z = 4,04

p = 
0,00005**

Transferin 
(mg/dl)

mean±SD, 
median, 
rang

255,51 ± 
52,77

244,0

172,0 – 
582,0

264,4 ± 
61,47

249

172 – 582

246,62 ± 
40,96

239 

175 - 405

Z = 1,89

p = 0,058 
NS

Hepcidin 
(ng/mL)

mean±SD, 
median, 
rang

18,38 ± 
15,24

14,29

2,47 – 
85,98

25,54 ± 
18,33

20,75

2,47 – 
85,98

11,23 ± 
5,3

10,81

2,93 – 
24,05

Z = 5,54

p = 
0,000**
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**p<0,01
In Tab. 4 we can see that there is a significant statistical 
difference between males and females serum concentra-
tions of iron, ferritin, and hepcidine in participants included 
in control group. We can see that serum concentrations 
of iron, ferritine, and hepcidine is higher in males control 
group in a correlation with female participants.

Table 5. Present statistical analyzes of correlation be-
tween two groups - control and MetS group 

Variable

Contol groups  N = 
120 MetS groups N = 120

males n= 
60

females 
n= 60

males 
n=60

females 
n=60

Iron

mean±SD, 
median

15,03 ± 
5,77

13,85

12,91 ± 
6,1

12,2

7,23 ± 
5,22

16,3

14,36 ± 
4,99

13,5
Difference    males Control group vs MetS group                                                                                                                                            
                 t = 2,18   p=0,03*  

females Control group vs MetS group             t = 1,4  
p=0,16 NS      

Ferritin

mean±SD, 
median

120,2 ± 
70,67

116,0

69,01 ± 
49,36

56,0

197,9 ± 
142,57

149,5

118,98 ± 
70,31

111,5
Difference                   males Control group vs MetS 
group               Z = 3,2   p=0,01**  

                                     females Control group vs 
MetS group    Z = 4,8  p=0,000002**       

Transferin

mean±SD, 
median

279,9 ± 
56,28

276,5

232,86 ± 
35,44

238

264,4 ± 
61,47

249

246,62 ± 
40,96

239 
Difference     males Control group vs MetS group                                                                                                                                            
                  t = 1,4   p=0,15 NS 

females Control group vs MetS group        t = 1,96  
p=0,053 NS      

Hepcidin

mean±SD, 
median

12,34 ± 
7,37

10,97

6,16 ± 3,2

5,6

25,54 ± 
18,33

20,75

11,23 ± 
5,3

10,81
Difference   males Control group vs MetS group t = 5,18                                                                                                                                             
                p=0,000001**  

females Control group vs MetS group            t = 6,3  
p=0,000**      

*p < 0,05  **p < 0,01
 
In table 5 we can see that there is a statistical significant 
difference betwin males control group and MetS group 
( t = 2,18   p=0,03 for p<0,05). There is present differ-
ence betwin ferritin levels for males control group and 
MetS group (Z = 3,2   p=0,01for p<0,01) and for females 
control group and MetS group (Z = 4,8  p=0,000002 for 
p<0,01). Also there is present difference betwin hepcidin 
levels for males control group and MetS group (t = 5,18   
p=0,000001for p<0,01) and for females control group and 
MetS group (t = 6,3  p=0,000 for p<0,01).         

Discussion
In the recent years, a bulk of evidence, particularly from 
epidemiological studies (16-19)  have established a link 
between iron metabolism and insulin resistant states, 
including type 2 diabetes mellitus and the MetS (20,21). 
Increased body iron stores predicted the development of 
MetS and diabetes in healthy individuals of European an-
cestry (22) and recently in healthy East Asians (23). Increas-
ing evidence has shown that body iron excess is associat-
ed with one or more MetS components (16, 24-27). 

In our study we found that the males hepcidine and fer-
ritine levels are higher compared to females in bouth 
groups – control group and MS group. MetS subjects heve 
significantly higher serum levels of both ferritin and hep-
cidin as compared to subjects in control group, which is 
similar to previous studies of  Martinelli. Martinelli et al. 
establish for the first time at population level that subjects 
with MetS have increased serum levels of hepcidin. In sub-
jects of both sexes hepcidin increased linearly with increas-
ing number of the five classical MetS features. Тhese data 
indicate that the fundamental iron regulatory feedback 
is preserved in MetS, i.e. that hepcidin tends to progres-
sively increase in response to a moderate increase of iron 
stores, likely in the attempt to counterbalance it by limit-
ing intestinal iron absorptionIn view of the rapidly growing 
evidence for pleiotropic effects of hepcidin, this may have 
relevant implications for the MetS pathophysiology (15). 

Statistical analysis showed that males had statistically high-
er hepcidin and ferritin levels than women. That means 
that concentration of serum hepcidine and ferritin lev-
els are associated with gender what is comparable to the 
scarce data reported by a few other groups (28). 

Galesloot TE et al (29) find variation in hepcidin concen-
tration over age differed between men and women. Men 
showed a stable hepcidin concentration, although a non-
significant trend for an age-related increase in serum hep-
cidin was previously reported based on 65 men. In wom-
en, serum hepcidin concentration was substantially higher 
for postmenopausal than for premenopausal women.

Еlevated serum ferritin concentrations have recently 
been implicated in the pathogenesis of many chronic 
inflammatory diseases including the MetS (30). Cross-sec-
tional studies have shown associations of elevated serum 
ferritin concentration with MetS (16, 26, 27).

Conclusion:
MetS subjects had significantly higher serum levels of 
both ferritin and hepcidin as compared to subjects without 
MetS. The concentration of serum hepcidine and ferritin 
levels are associated with gender.  In our study we found 
that the males hepcidine and ferritine levels are higher 
compared to females in bouth groups – control group and 
MS group. Еlevated serum ferritin concentration is impli-
cated in the pathogenesis of  MetS. We show associations 
of elevated serum ferritin and hepcidin concentration with 
MetS.
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