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ABSTRACT

Objectives: Iron overload can cause or contribute to the pathogenesis of type 2 diabetes
mellitus (T2DM), but how the major parameters of iron metabolism change in different
settings of diabetes are still unclear. The aim of this study was to determine the relationship
between iron, ferritin, and hepcidin levels in diabetic patients and the effect of insulin
treatment. Methods: The study included 80 subjects, 60 with T2DM and 20 without
(control group). Serum hepcidin, insulin, ferritin, and iron levels were determined as well
as other clinical parameters. The associations between these parameters were analyzed
between both groups. Results: Hepcidin levels expressed as meant standard deviation
between groups showed no significant changes (14.4+6.7 ng/mL for the control group,
and 18.447.9 ng/mL for patients with diabetes, p = 0.069). Parameters of iron metabolism
showed modest correlation with the parameters of glucose metabolism. However, the
correlation between ferritinand insulin in both groups was statistically significant (p = 0.032;
p=0.480vs.p =0.011; p = 0.328). Conclusions: Our study showed that hepcidin levels
in patients with T2DM on insulin therapy do not change, which might be a result of
treatment with insulin. In this context, insulin treatment can be used as a novel method
for correction of hepcidin levels. By correcting hepcidin levels, we can prevent cellular

iron overload and reduce the risk of diabetes.

ype 2 diabetes mellitus (T2DM)

is a condition reaching epidemic

proportions worldwide.! While physical

activity and other healthy habits are
recommended as effective means to curb this
epidemic,” there are other ways through which we
can improve the burden of diabetes. One of them
would be by controlling known and suspected
pathophysiological processes that can deteriorate
glucose metabolism. In this context, controlling iron
metabolism through its main regulatory protein,
hepcidin, could prove beneficial. The reason for this
approach is based on links found between glucose
and iron metabolism.> Some studies have linked iron
excess with risk for T2DM. One of the most studied
pathologies characterized with organ iron load is
hemochromatosis (HH), which increases the risks of
developing T2DM.*However, the pathophysiological
series of events that lead to glucose dysregulation in
these patients have still not been fully clarified. The
pancreas is one of the most affected organs in HH,

and its main endocrine cells (beta cells) are very
sensitive to iron load.’ Liver dysfunction through
the mechanism of insulin resistance can be another
pathophysiological factor in this setting.¢ Liver injury
caused by chronic infection with hepatitis C virus
(HCV) is linked with an increased risk for T2DM,
especially when HCV infection is accompanied by
high ferritin levels.”

There seems to be little doubts on iron load
(reflected by ferritin levels) and its role in the
pathophysiology of T2DM.*’ Studies have shown
that ferritin levels are positively correlated with
levels of glucose in serum.'® High levels of ferritin
have also been observed in prediabetes.!’ Reducing
iron load through treatment with phlebotomy
does decrease glucose and glycated hemoglobin
(HBA, ) levels in diabetic patients and may increase
insulin sensitivity,'* though other positive effects of
phlebotomy should not be excluded."

Ifiron load is clearly linked with risk of developing
diabetes then what are the mechanisms behind these
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links? We have already mentioned that beta cells of
the pancreas are vulnerable to high iron levels, which
iswhy beta cell dysfunction hasbeen observed in HH.
Beta cell dysfunction impairs insulin production,
which can cause glucose dysmetabolism.* Iron
overload also affects the metabolism of nutrients
in skeletal muscle by decreasing glucose oxidation
and increasing lipid oxidation.” In dysmetabolic
iron-overload syndrome (DIOS), iron overload
is accompanied by insulin resistance, obesity, and
chronic hepatitis. Furthermore, iron status affects
insulin receptor expression in hepatocytes and
intracellular insulin signaling.' Iron load can affect
beta cell capacity to produce insulin, but also can
cause insulin resistance in hepatocytes and decreased
glucose oxidation in skeletal muscle. By affecting
the most important organs responsible for glucose
homeostasis, iron load can be responsible for glucose
dysmetabolism and resultant diabetes.

The main regulator of iron metabolism, hepcidin,
was discovered in the early 21 century and is
increasingly studied in relation to T2DM.!"184?
This small protein is known to affect iron efflux by
inducing ferroportin (FPN) degradation in target
cells (enterocytes, macrophages).”” FPN is the
major protein channel that exports iron from cells
into plasma.?

Systemic hepcidin is produced by hepatocytes,
and is mainly regulated by iron load in cells.”! It
is believed that iron load through yet unknown
mechanisms stimulates production of bone
morphogenetic protein-6 (BMP6), which binds
to its receptor on hepatocytes.”! This binding
activates the SMAD pathway in hepatocytes, which
as a result increases the expression of hepcidin.”!
Hepcidin, through its effects on FPN, lowers the
levels of plasma iron. Though hepatocytes produce
most hepcidin, local production of this protein has
been observed in many organs (e.g., heart, kidney,
beta cells of the pancreas),” but the physiologic
importance of local hepcidin is still unclear.?!
Another important factor that controls hepcidin
production is increased erythropoietic activity.
During increased erythropoiesis (i.e., anemia), iron
is needed for hemoglobin production, and hepcidin
is suppressed in this setting.”!

Studies have shown that there are two types of
diabetic patients when it comes to hepcidin levels:
those with elevated hepcidin serum levels and those
with low hepcidin serum levels. More is understood

Table 1: Clinical and laboratory data in healthy
control subjects and patients with T2DM.

Laboratory Control T2DM
Number (male/ 20 (12/8) 60 (37/23)
female)

Age, years 58.1+9.3 55.6+6.1
BMI, kg/m* 272+34 284+3.7
CRP, mg/L 03x0.1 04+0.1
AST, IU/L 233+7.1 23.4+8.5
ALT,IU/L 26.5+13.5 294+ 16.3
LDH,IU/L 256.1 + 66.5 291.9 +78.0
Iron, pmol/L 21.0 + 3.8 175+54
TIBC, umol/L 589+9.5 50.1 £15.1
UIBC, pmol/L 329+ 89 32.6+13.2
TS, % 39.7 + 8.6 36.4 +12.1
GLU, mmol/L 5.0+ 0.5 9.7+33
HBA,, % 40£08 62416
TC, mmol/L 4.8+0.9 54+ 14
TG, mmol/L 1.6+£09 28+2.0
HDL, mmol/L 1.1+£0.5 1.6+£06
LDL, mmol/L 31+06 31+£038
RBC, x10%/uL 50407 48406
WBC, x10°/uL 66418 79432
Hb, g/dL 145+ 1.5 141+ 1.9
HCT, % 43.8+4.3 434+52
Urea, mmol/L 44+ 1.0 59+3.2
Uric acid, 220.8 +42.7 308.5 +98.0
mmol/L

CRE, mmol/L 65.6 £5.0 76.3+20.3
Insulin, ng/mL 1.9+15 23+19
Ferritin, ng/mL 280.1 £ 112.9 254.7 £ 111.4
Hepcidin, ng/mL 144+ 6.7 184+7.9

Hepcidin/ferritin -~ 0.06 (0.03-0.07)  0.07 (0.05-0.09)

ratio

Data are presented as mean * standard deviation or median
(interquartile range). BMI: body mass index; CRP: C-reactive
protein; AST: aspartate aminotransferase; ALT: alanine
aminotransferase; LDH: lactate debhydrogenase; TIBC: total
iron binding capacity; UIBC: unsaturated ivon binding capacity;
TS: transferrin saturation; GLU: glucose; HBA, : glycated
hemaoglobin; TC: total cholesterol; TG: triglycerides; HDL:
high density lipoprotein; LDL: low density lipoprotein; RBC:
red blood cells; WBC: white blood cells; Hb: hemoglobin; HCT:
hematocrit; CRE: creatinine; T2DM: type 2 diabetes mellitus.

about why hepcidin levels are elevated in patients
with T2DM. Many of the factors that increase the
expression of hepcidin are present in patients with
elevated hepcidin levels. These factors include
inflammation, chronic renal impairment, and
morbid obesity.** The cause of T2DM accompanied
with low levels of hepcidin is unclear, but insulin
resistance is thought to play a role.” This suggests
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Table 2: Correlation between serum ferritin, hepcidin, and insulin levels in patients with T2DM.

Laboratory Ferritin Hepcidin Insulin
2 p-value P p-value 2 p-value

AST 0.057 0.660 0.039 0.766 0.194 0.138
ALT 0.055 0.670 0.015 0.910 0.120 0.362
LDH 0.204 0.110 0.205 0.116 0.072 0.583
Iron 0.370 0.004** 0.088 0.506 0.154 0.239
TIBC 0.135 0.303 0.111 0.400 0.043 0.745
UIBC 0.009 0.940 0.094 0.475 0.087 0.511
TS 0.233 0.073 0.060 0.651 0.165 0.207
GLU 0.030 0.822 0.084 0.526 0.013 0.924
HBA, 0.038 0.776 0.150 0.907 0.079 0.549
TC 0.035 0.791 0.105 0.427 0.022 0.866
TG 0.001 0.992 0.105 0.425 0.062 0.637
HDL 0.012 0.930 0.041 0.757 0.036 0.784
LDL 0.025 0.848 0.145 0.269 0.094 0.475
RBC 0.185 0.157 0.011 0.931 0.084 0.523
WBC 0.141 0.283 0.208 0.110 0.220 0.092
Hb 0.170 0.195 0.040 0.760 0.108 0.410
HCT 0.212 0.104 0.037 0.781 0.132 0.314
Urea 0.104 0.427 0.228 0.080 0.099 0.449
UA 0.127 0.332 0.109 0.408 0.091 0.489
CRE 0.026 0.844 0.058 0.660 0.025 0.851
Insulin 0.328 0.011* 0.130 0.320 - -
Ferritin - - 0.412 0.001** 0.328 0.011*
Hepcidin 0.412 0.001** - - 0.130 0.320

AST: aspartate aminotransferase; ALT: alanine aminotransferase; LDH: lactate debydrogenase; TIBC: total ivon binding capacity;
UIBC: unsaturated ivon binding capacity; TS: transferrin saturation; GLU: glucose; HBA , : glycated hemoglobin; TC: total
cholesterol; TG: triglycerides; HDL: high density lipoprotein; LDL: low density lipoprotein; RBC: red blood cells; WBC: white blood
cells; Hb: hemoglobin; HCT: hematocrit; UA: uric acid; CRE: creatinine; T2DM: type 2 diabetes mellitus.

*Correlation significant at the 0.05 level (2-tailed). **Correlation significant at the 0.01 level (2-tailed).

that regulation of insulin production could correct
hepcidin levels.

We sought to determine the effects of insulin
treatment in patients with T2DM without known
factors that increase hepcidin expression and
study the relationship between hepcidin levels and
insulin production. We hypothesized that if insulin
resistance does cause low hepcidin levels, then
correction of insulin signaling with insulin therapy
could reverse these levels back to normal.

METHODS
Our study included 80 subjects, 60 with T2DM on
insulin therapy (case group), and 20 without T2DM
(control group). Incident cases of diabetes were not
subjects of investigation and were not recorded.
All patients and control individuals gave written

informed consent for the collection, analysis, and the
use of data for publication. The study was approved
by the institutional ethics committee.

Patients with hepatic malignancy, HH, or
receiving therapy with a known influence on iron
metabolism were excluded from the study. Patients
with high C-reactive protein (CRP) levels and
significant differences in body mass index (BMI)
levels were excluded from the study. None of our
patients were under any treatment with iron or
immune-suppressive drugs and/or had undergone
blood transfusion before the start of our study.

Blood samples were obtained for hematological
and biochemical tests at 8 am after overnight fasting
in two containers, one containing EDTA and another
without anticoagulant. Complete blood count and
hemoglobin (Hb) were determined using the ERMA
750 Hematology Analyzer (Erma Inc, Japan). Serum
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Table 3: Correlations between serum ferritin, hepcidin, and insulin levels in control subjects.

Laboratory Ferritin Hepcidin Insulin
P p p (J p

AST 0.253 0.281 0.293 0.209 0.123 0.605
ALT 0.024 0.919 0.040 0.867 0.038 0.874
LDH 0.043 0.857 0.376 0.103 0.030 0.900
Iron 0.159 0.502 0.260 0.268 0.010 0.967
TIBC 0.056 0.814 0.043 0.858 0.229 0.331
UIBC 0.084 0.723 0.154 0.517 0.092 0.700
TS 0.043 0.857 0.164 0.491 0.092 0.700
GLU 0.331 0.154 0.005 0.984 0.034 0.887
HBA, 0.249 0.290 0.375 0.103 0.108 0.651
TC 0.044 0.852 0.413 0.071 0.203 0.390
TG 0.133 0.576 0.140 0.556 0.004 0.987
HDL 0.257 0.274 0.607 0.005* 0.300 0.199
LDL 0.044 0.855 0.264 0.261 0.023 0.922
RBC 0.100 0.674 0.261 0.266 0.229 0.331
WBC 0.119 0.617 0.333 0.151 0.470 0.037*
HGB 0.232 0.324 0.096 0.689 0.272 0.246
HCT 0.229 0.332 0.208 0.379 0.354 0.126
Urea 0.387 0.091 0.248 0.291 0.051 0.830
UA 0.064 0.789 0.058 0.807 0.119 0.617
CRE 0.280 0.232 0.159 0.504 0.151 0.524
Insulin 0.480 0.032* 0.112 0.639 - -
Ferritin - - 0.241 0.307 0.480 0.032*
Hepcidin 0.241 0.307 - 0.112 0.639

AST: aspartate aminotransferase; ALT: alanine aminotransferase; LDH: lactate dehydrogenase; TIBC: total ivon binding capacity;
UIBC: unsaturated iron binding capacity; TS: transferrin saturation; GLU: glucose; HBA , ; glycated hemoglobin; TC: total
cholesterol; TG: triglycerides; HDL: high-density lipoprotein; LDL: low-density lipoprotein; RBC: red blood cells; WBC: white blood
cells; Hb: hemoglobin; HCT: hematocrit; UA: uric acid; CRE: creatinine.

*Correlation significant at the 0.050 level (2-tailed). **Correlation significant at the 0.001 level (2-tailed).

samples were analyzed for aspartate aminotransferase
(AST), alanine aminotransferase(ALT), gamma-
glutamyltransferase (GGT), triglycerides (TG), total
cholesterol (TC), high-density lipoprotein (HDL)
and low-density lipoprotein (LDL) cholesterol using
the Miura Biochemical Analyzer (L.S.E. SRL, Italy).
Serum ferritin, insulin, and hepcidin were measured
by ELISA (Cloud-Clone Corp., Houston, USA)
according to manufacturers’ instructions.

To improve and strengthen the statistical analysis
results logarithm with base 10 were analyzed.
Statistical analyses between two groups were carried
out by Mann-Whitney U test. The associations
of serum hepcidin with ferritin, insulin, iron, and
other parameters were tested with Spearman rank
correlation. Multiple linear regression models were
used to evaluate the effective hematological variables,
group of iron variables, lipid, glucose, enzyme

metabolism variables and degradation products with
serum hepcidin, insulin, and ferritin production.

In all cases p < 0.050 was considered statistically
significant. Statistical analysis was done using IBM
SPSS Statistics for Windows, version 21 (IBM
Corp., Armonk, N.Y,, USA).

RESULTS
The patient characteristics are presented in Table 1.
The results of correlation tests for both groups of
patients are shown in Tables 2 and 3.

Both study groups were matched and had
no major differences in BMI, CRP, urea, and
creatinine (CRE) levels. We observed a negative
but statistically insignificant correlation between
insulin and glucose in the T2DM group (p = 0.924;
p = 0.013). In the control group, analysis showed a
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weak positive insignificant correlation (p = 0.887;
p =0.034). Results for insulin, ferritin, hepcidin and
their correlation with HbA | and glucose showed
no statistical significance. A negative to moderate
insignificant correlation was found between insulin
and almost all of the measured parameters.

A statistically significant positive correlation
was found between ferritin and serum iron in the
T2DM group (p = 0.004; p = 0.370).This was also
found between ferritin and insulin in both groups
(p = 0.011; p = 0.328 in the T2DM group and
2 =0.032; p = 0.480 in the control group).

We found a significant difference in glucose
levels between the case and control groups
(z=-5.745andp <0.001). Theresults for hepcidinand
the hepcidin/ferritin ratio between the groups were
not statistically significant (for hepcidin z = -1.817,
p = 0.069 and hepcidin/ferritin ratio z = -1.883,
»=0.060).

Multiple linear regression analysis was used
to test the relationship between variables of
interest (insulin, ferritin, and hepcidin) and
parameters that have the same metabolic path or are
directly connected.

Applied linear regression model on insulin and
glucose metabolism parameters like glucose and
HbA,_showed that adjusted R* was -0.032 and
p = 0.920 for the T2DM group, and R*= 0.011
and p = 0.353 in the control group. Applied linear
regression model on ferritin and its association with
other parameters of iron metabolism (serum iron,
total iron binding capacity (TIBC), and unsaturated
iron binding capacity (UIBC)) in the control group
was R?= -0.79 and p = 0.665. For the T2DM
group only 1.9% association can be explained by
the model (R*=0.019 and p = 0.256). When we
analyzed the hematological parameters as a group,
their connection with the ferritin results were:
R*=0.016 and p = 0.306 for the group with T2DM,
and R*=0.101 and p = 0.243 for the control group.
Taking the iron metabolism parameters of the
control group, their interaction with the hepcidin
results were serum iron, TIBC, and UIBC shown
adjusted R*=-0.133 and p = 0.856, while adjusted
R? for hematological parameters was -0.117 and
p = 0.735. The results, for the same previously
described parameters in the T2DM group were
R*=-0.018 and p = 0.582 for the analysis of iron
metabolism parameters, and R* = -0.027 and
p = 0.653 for the hematological parameters.

DISCUSSION
Our study showed that when on insulin therapy,
patients with T2DM do not have lowered values
of hepcidin in serum. We found no statistically
significant differences in hepcidin values between
the control group and the group of patients with
T2DM on insulin therapy.

Studies in rats have shown that insulin resistance
can cause low hepcidin levels and that insulin therapy
reverses these levels.?> These levels rise when insulin
signaling is improved. What is more interesting is
that the study identified the biochemical pathway
(STAT3 pathway) through which insulin signaling
corrects hepcidin values.»

Our patients were good models to study because
they were matched by the usual factors that increase
the levels of hepcidin (urea, CRE , CRP, and BMI).
Diabetic patients matched by these factors usually
have low levels of hepcidin, but our diabetic patients
had similar levels to the control group. Studies
on rats with models of insulin resistance have not
been equaled by similar studies on human patients
with T2DM.

Insulin resistance is linked with low levels of
hepcidin not only in patients with T2DM. In
hyperprolactinemia, hepcidin levels are low and
reduced expression of the prolactin receptor is
linked with insulin resistance.? The prolactin
receptor affects insulin sensitivity through the
STATS pathway.” Loss of STATS can cause insulin
resistance. STAT'S is known to compete with STAT3
in regulating the expression of different genes.”®

Other mechanisms can affect hepcidin levels in
T2DM patients. Pancreatic beta cells are known to
have the highest expression of hepcidin in pancreas
tissue.” Also, beta cells can co-secrete hepcidin
and insulin,”” which further strengthens the links
between glucose and iron metabolism.

These mechanisms should be studied further
to establish a better explanation of how insulin
resistance affects hepcidin levels. In future studies,
we intend to investigate the effect of insulin therapy
on hepcidin levels by comparing these levels in

different groups of patients with T2DM.

CONCLUSION
Our study intended to investigate how can insulin
therapy affects hepcidin production, which
is important because iron load precipitates or

OMAN MED J, VOL 32, NO 3, MAY 2017
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deteriorates T2DM. We have found that insulin
therapy might be the reason why our patients with

diabetes have no changes in hepcidin levels. This

means that one of the benefits of insulin therapy

(maybe even in prediabetes) could be lowering of

the iron load in cells.

Disclosure
The authors declared no conflicts of interest. No funding was
received for this study.
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