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Abstract

Background and Aims:

The main aim of the present work was to establish the
relationship between ferritin level (FERR) and glu-
cose status in diabetic Saudi females and to validate

serum FERR as a marker of insulin resistance (IR).

Materials and Methods:

case- control study was done on 180 subjects in-
cluding 100 female patients with type 2 diabetes and
80 healthy female (control) of the same age were
enrolled. Fasting blood samples were procured to
measure concentrations of FERR by an electrochem-
iluminescence immunoassay using the Cobas e 411
immunoassay analyzer. Fasting serum glucose, gly-
cated hemoglobin, lipid profile, kidney function tests
and minerals were automatically measured by Sie-
mens Dimension X P and auto analyzer. The associ-
ation of FERR with parameters of adiposity, glucose

tolerance, and lipid profile was examined.

Results:
In the present study, unpaired student’s t test detect-
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ed significant increase in the FERR levels in diabetic
female patients compared to the control (p< 0.05).
A noteworthy positive correlation of FERR with IR
(r=0.632) and fasting insulin levels (r=0.497) was
observed in female patients. Furthermore, the Ather-
ogenic Index of Plasma (AIP=Log TG/HDL) conjec-
tured cardiovascular risk showing that 65% of these
patients with diabetes had increased risk while only
20% had intermediary risk. The AIP predicts that the
cardiovascular risk showed statistically significant

correlation with FERR levels and hyperglycemia.

Conclusion:
High serum FERR level was associated with im-
paired glucose metabolism and increased cardiovas-

cular risk in type 2 diabetes female patients.

Keywords:
Cardiovascular Risk, Metabolic Syndrome, Type 2

Diabetes Mellitus, Serum Ferritin

Introduction

The term diabetes mellitus (DM) describes
a group of abnormal carbohydrate meta-
bolic disorders that lead to hyperglycemia.
Individual metabolic lesions in diabetics
lead to their relative or absolute weakness
in insulin secretion and/or varying degrees
of peripheral resistance to insulin actions
(.21 According to American Diabetes As-
sociation (2010) about 85-95% of all di-
abetics have a latent, asymptomatic peri-
od of subclinical stages that often remain
undiagnosed for several years. Signs and

symptoms of diabetes are ignored by many
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because of the chronic development of the
disease %, People do not consider this a
serious problem because unlike many oth-
er diseases, the symptoms of hyperglyce-
mia do not appear immediately. People do
not realize that damage may begin several
years before symptoms are observed. This
is unfortunate because identifying ear-
ly symptoms can help control the disease
immediately and prevent vascular compli-
cations. The dramatic increase in diabetes
is a major health concern in communities
of both developing and developed nations.
Unregulated blood glucose levels in this

metabolic and endocrine disorder can lead
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to many debilitating conditions such as ne-
phropathy, neuropathy, retinopathy, cardi-
ovascular disease, stroke and
amputation®.

Iron prevents tissue damage from free rad-
icals by binding to proteins, and the iron
cellular state regulates the iron storage pro-
tein, FERR at the post-transcription level.
In an individual’s health, serum FERR 1s
associated with iron storage; High levels
of FERR can exist in acute or chronic in-
flammation. In T2DM, high FERR levels
have been reported which may be due to
the underlying inflammatory state [ 7).
Current studies have shown that shortage
in the body's iron supplies have been re-
lated to the onset of glucose intolerance,
T2 DM, and metabolic disorders. It has
also been linked to the progression of di-
abetes related retinopathy, nephropathy
and vascular diseases [* 7. High levels of
iron can induce diabetes through various
mechanisms like oxidation of beta-pancre-
atic cells, weak extraction of insulin by the
liver, and hindrance in the ability of insulin
to inhibit glucose production by the liver
8.91 FERR serum can be used in healthy
people as a sign of iron overload but does
not give a reliable result for obese patients
with diabetes [ The synthesis of FERR
is stimulated by insulin which increases
iron absorption. FERR is also considered

a sign of pancreatitis. Its level is 2.5 times

higher in T2DM patients without any evi-
dence of iron overload [''"'*!. A high level
of FERR can disturb the glucose balance
causing IR and inflammation with a high
level of reactive protein ', Excess iron
production produced a high level of serum
FERR; IR may increase in females with
T2DM but not in males ', High FERR
level in deformed glucose metabolism is
associated with increased fasting blood
glucose, blood pressure, triglycerides,
and hemoglobin A1C and assessment of
the equilibrium model - insulin resistance
(HOMA-IR) 2,

There is a strong connection between clin-
ically linked FERR and the development
of diabetes. The diabetic risk increased
seven-fold in the clinically excited FERR
groups. This striking association is po-
tentially important in understanding the
T2DM 2131 Serum FERR can be consid-
ered as one of the routine biomarkers for
diabetics, and measures should be taken
to reduce iron load in diabetics to improve
glycemic control and prevent the develop-
ment of cardiovascular disease (CVD) be-
cause increased iron storage causes organ
damage 4.

Objective of the stud: The main objective
was to establish a relation between FERR
levels and glucose status in diabetic fe-
males and validate serum FERR as a mark-

er of insulin resistance (IR).
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Materials and Methods

Study design and Subjects:

A case-control study was conducted in Al
Madinah from January 2018 to January
2019 among adult females participants
with type 2 diabetes and without aged be-
tween 20— 50 years.

This study was performed with a group
of 100 patients with diabetes from Prince
Abdul-Aziz Ben Maged Ben Abdul-Aziz
diabetic center and different hospitals in
Al Madinah, KSA. The control group con-
sisted of 80 healthy female who had been
referred to the laboratory center for routine
checkup with no history of any medical
disorder. Exclusions were made on the ba-
sis of complete blood count (CBC) show-
ing iron deficiency or anaemia in patients
above 65 years of age and/or with clini-
cally significant simultaneously occurring
conditions (like anaemia, CVD, acute in-
fectious diseases or chronic inflammatory
or debilitating diseases), and patients who
smoke or are on medication (multivitamins
and 1ron supplements). This study was ap-
proved by the Medical Ethics Committee
of College of Applied Medical Sciences,
Taibah University (CLS 201801). All par-
ticipants signed the written informed con-

sent.

Blood Sample Collection:

After obtaining written informed consent
from all subjects, blood samples were

(3 ml) collected in tubes containing hepa-
rin and EDTA by the lab technician at the
Applied Medical Sciences collage at the
main female campus of Taibah Universi-
ty and Prince Abdul-Aziz Ben Maged Ben
Abdul-Aziz diabetic center — Al Madinah,
KSA . The blood sample in the EDTA
tubes was used for the estimation of gly-
cated hemoglobin % (HbAlc %). The
serum was separated from each sample
by centrifuging at 3000 rpm for 5 min to
estimate the lipid profile i.e. the concen-
tration of Low-density lipoprotein choles-
terol (LDL-c), High-density lipoprotein
cholesterol (HDL), Triglycerides (TG) and
total cholesterol. Also, fasting serum glu-
cose was estimated immediately after the
sample was collected. The collected serum
was stored at -200C until tested for FERR
and Insulin hormone. All the assays were
conducted using the automated Dimension
XP machine and, Siemens Healthcare Di-
agnostics Ltd. (Frimley, Camberley, UK),
with the help of kits as per the manufactur-
er’s directions. The IR level was estimated
using the homeostasis model assessment
of insulin resistance (HOMA-IR) index
[fasting insulin Up/mL x fasting glucose
mg/dl /405]. The range considered healthy

1s lies between the values 0.5-1.4. The
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values found less than 1.0 imply that the
patient is insulin-sensitive and this is opti-
mal. A value above 1.9 indicates early IR
while above 2.9 indicates significant IR as

described earlier.

Other Measurements

Each participant was physically examined
for the measurement of height, weight and
Body mass index (BMI) which is weight
divided by square of the person’s height
(kg/m2). When high plasma triglycerides
are present along with low HDL-concen-
trations the condition is defined as Ather-
ogenic dyslipidemia. It was calculated as
Atherogenic Index of Plasma = log (TG/
HDL-C). An AIP value of less than 0.11
depicts low risk of CVD; the values be-
tween the range 0.11-0.21 is of interme-
diate risk while the values above 0.21 are
associated with high risk CVD.

Statistical Analysis:

Statistical analysis was performed using
Graph pad Prism 7 (GraphPad Software,
CA, USA). Quantitative data was normal-
ly distributed and expressed as mean + SD.
Differences between groups were evaluat-
ed by Student's t-test and Two Away Ano-
va test. Simple correlations were used to
investigate the involvement among differ-
ent parameters. p<0.05 indicated statistical

significance. Calculation of Pearson corre-

lation coefficients was performed to assess

relationships between key variables.

Statement of ethics:

* The volunteers have given their writ-
ten or verbal informed consent prior to
the start of the study. They were assured
that the information obtained will only be
shared between the researchers and that
they were free to withdraw from the study
at any time without any pressure on them.
Participants were identified by codes and
never by their real names.

* The study protocol has been approved by
the Faculty of Applied Medical Sciences’

ethical committee on human research.

Results:

A total of 100 diabetic female patients with
arange of age between 36-60 years against
80 healthy control females were investi-
gated. The mean age of the patients with
type-2 diabetes was 60+£10.38 years while
that of the control group was 40+7.54
years. The mean + SD level for BMI in di-
abetics was 27.84 +5.38 kg/m2 while for
the control group it was 25.26+4.63kg/
m?2. The two groups differed in their body
mass index (P=0.04) significantly. The
haemoglobin Alclevels in patients with
diabetes (8.95%=1.79) was significantly

higher than those found in normal controls
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(5% +0.49, P<0.001). The mean serum
FERR in diabetics was also significantly
higher than that found in the normal in-
dividuals (244.4+6.49 vs. 123.8+1.29 pg/
ml, P<0.001, Figure 1). The results further
show that the triglyceride (TG) concentra-

tion was higher in comparison to the con-

trol group, whereas, serum High-density
lipoprotein (HDL) levels were significant-
ly lower in type 2 patients with diabetes
in comparison to non-diabetic healthy con-
trol group (p<0.001) (Table 1). The chief
characteristics of the study population un-

der consideration are presented in Table 1.

Table 1: Characteristics of the study population

Age (years) 40.50+7.54
Duration of diabetes (years)

FBG (mmol/L) 5.2+0.49
HbA1c (%) 3.3+0.82
LDL-cholesterol (mmol/L) 3.59+1.10
HDL-cholesterol (mmol/L) 1.67+0.46
Total cholesterol (mmol/L) 4.7+0.94
Triglycerides (mmol/L) 0.88+0.49
Weight (kg) 70.9+9.38
Length (m) 1.66+0.09
Serum Ferritin pg/mL 123.8+1.29
BMI (kg/m2) 25.26+4.63
Fasting insulin p/Ml 5.8+1.45
IR 1.36+0.32
AIP 0.11+0.03

60.00+10.38 >0.05
11.2+£9.7

11+4.21 <0.001%**
8.95+1.79 <0.001**
2.45+1.23 0.03*
0.8+0.23 0.09
4.01+1.52 0.006*
2.01x1.41 0.002*
77£12.3 0.03*
1.66+0.09 0.070
244.40+83.49 <0.001**
27.84+5.38 0.04**
11.77£3.03 0.03**
5.065+2.52 0.02%*
0.26+0.23 0.002**

The values represent the mean concentrations + SD of biochemical parameters and general
characteristics of patients and controls. BMI (body mass index), FBG (fasting serum glucose), HbA 1C
(glycated hemoglobin), lipid profile (LDL-C (low-density lipoprotein cholesterol), HDLc (high-
density lipoprotein cholesterol), total cholesterol and TG (triglyceride)), Serum Ferritin, Fasting
Insulin, Insulin resistance (IR) and AIP (Atherogenic Index of Plasma) for control group and T2DM

patients. *p<0.05, **p<0.01.
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Fig. 1. Comparison bevween diabetic and normal cases regarding their ferritin
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Statistical analysis indicated that there with diabetes . However, a significant pos-

was no significant correlation between itive correlation of FERR was found with

serum FERR and HbAlc (r= 0.15), BMI IR (r=0.632), and fasting insulin levels

(= 0.071) and FBS (r= 0.035) in patients (r=0.497) in patients with diabetes
(Table 2).

Table 2: Correlations of Serum Ferritin levels with other parameters

Correlations of Ferritin Pearson correlation P- value
with coefficients (r)

FBG ' 0.035 031
HbAlc (%) 0.159 0.22
HDL 0.078 0.34
TG 0.027 0.33
CHOL 0.057 0.21
LDL 0.095 0.31

Fasting insulin 0.497 0.03*

IR 0.632 0.01*
BMI 0.071 0.23

The values represent correlation between Serum Ferritin levels with
different variables in diabetic female patients. *Correlation is significant
at the 0.05 level (2-tailed)
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Our results interesting showed that there (r=0.72), HbAlc (r=0.61), BMI (r=0.65)
was a positive correlation of IR with FBG and Fasting Insulin levels
(r=0.60, Table 3).

Table 3: Correlations of IR and Fasting Insulin levels with other parameters

IR Fasting insulin \
r P R P

FBG 0.720 0.02%* 0.074 0.08
HbA1c (%) 0.619 0.04* 0.048 0.06
HDL 0.110 0.060 0.033 0.07
TG 0.092 0.076 0.126 0.08
CHOL 0.101 0.075 0.078 0.06
LDL 0.095 0.073 0.058 0.07
Fasting insulin 0.604 0.025*

IR 0.604 0.02*
BMI 0.659 0.01* 0.546 0.01*

The values represent correlation between IR and Fasting insulin levels with
different variables in diabetic female patients. *Correlation is significant at
the 0.05 level (2-tailed)

Fig. 2. The values represent the mean of serum ferritin levels in low, moderate, and
high cardiovascular risk groups of diabetic patients; P= 0,03, n=100. 65% of diabetic
patients had high risk and 20% had intermediate nsk, whereas, 15% had low nisk.
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Atherogenic dyslipidemia or TG/HDL ra-
tio increased significantly in patients with
diabetes (p<001). Atherogenic Index of
Plasma (AIP=Log TG/HDL) predicts car-
diovascular risk. An AIP less than 0.11
denotes low risk while that between(.11
— 0.21denotes intermediate risk. An AIP
greater than 0.21 denotes high cardiovas-
cular risk. In the present study, 65% of the
patients with diabetes had high risk while
only 20% had intermediate risk

(Figure 2). The Two Away Anova test de-

tected a large difference between patients
with low, moderate and

high cardiovascular risk with respect to
high levels of FERR (p= 0.03, Figure 2).
Using the same test, significant differences
were observed between patients with low,
moderate and high cardiovascular risk with
respect to the levels of FBG, HbAI1C, IR,
LDL, HDL, BMI and Cholesterol

(Table 4). However, no significant differ-
ences were seen in the levels of TG (Table
4) in the three groups of patients with dia-

betes studied here.

Table 4: Represents the difference in the means between the three studied groups

High risk (AIP>0.21)  Intermediate risk (AIP= Low risk (AIP<0.11)
Parameter Mean = SD, N=65, 0.11-0.21) Mean = SD. N= 15. 15% P-value
65% Mean + SD, N=20, 20% : S
FBG (mmol/L) 14.7+3.36 8.45 +0.52 7.1+0.76 0.04*
HbAlc (%) 9.6+1.47 7.9+0.27 6.8+0.36 <0.001%*
LDL-cholesterol 3 40.98 1.840.11 0.9+0.36 <0.001%*
(mmol/L)
HDL-cholesterol 1.840.07 1.5+0.09 10.08 0.002*
(mmol/L)
ol 5.0121.12 3.0140.30 2.01 40.48 <0.001%*
(mmol/L)
Triglycerides 2.01 £1.45 1.01£0.01 1£0.08 0.06
(mmol/L)
Serum Ferritin pg/mL 261.42+64.4 174.33+14.64 131.01+15.48 0.03*
BMI (kg/m2) 31.23+3.93 24.940.75 21.04 +1.84 0.01*
IR (Insulin resistance) 6.64+2.15 3.97+0.33 2.69+0.43 0.02*

The table shows the difference in the means between the three studied groups of diabetic patients (according to cardiovascular
risk (AIP)) of diabetic patients using an ANOVA test: 15% of our patients with low risk (AIP<0.11), 20% of our patients with
AIP intermediate risk (AIP=0.11-0.21) and 65% of our patients with high risk (AIP>0.21), which displays statistically
significant difference in serum Ferritin, FBG (Fasting Blood Glucose),HbA 1C%, IR (Insulin resistance), LDL, HDL, BMI
and Cholesterol levels. Whereas, non-significant difference in TG. *=p<0.05, **=p<0.001.
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Discussion

Excess Iron is related to IR in case of
T2DM patients. Deposition of this metal
in the liver can cause IR as it can interfere
with the capacity of insulin to reduce pro-
duction of glucose by the liver. Free iron
leads to the congregation of reactive oxy-
gen species (ROS) which perpetually dis-
rupts the body’s homeostasis and causes
oxidative stress-mediated diabetic compli-
cations. Recent studies have suggested that
FERR level is higher in T2DM patients. As
high FERR level can be present in acute
or chronic inflammation, its elevation in
T2DM could be due to the underlying in-
flammatory conditions "', The fact that
excess iron in the system contributes to
anomalous glucose metabolism was first
confirmed from the observation that the
incidence of diabetes increases in typical
genetic hemochromatosis (HH). Improved
insulin sensitivity and secretion was found
blood was donated frequently and iron
stores depleted !'* 3. However, FERR’s
role as a marker of iron overload in pancre-
atic damage and peripheral resistance or its
role as an inflammatory marker is not clear
and hence this study was aimed to exam-
ine the relationship between serum FERR
and glycemic status and markers in type 2
diabetes.

In type 2 diabetes, FERR is increased by

2.5-fold and there was no evidence of
any excess iron load. However the high
level leads to disturbance in the glucose
homeostasis by causing IR as iron is au-
to-oxidized to form free radicals that are
extremely reactive. . These iron—oxygen
complexes are lipid soluble pro-oxidants
which can cause tissue damage by chang-
ing membrane properties 16 17,

In the present study, it was revealed that
FERR level was statistically significantly
augmented in diabetic female patients in
comparison to the control group. The in-
crease in FERR levels in patients with di-
abetes has a direct relation with IR. Pre-
vious studies suggest that metabolism of
iron in the body could possibly induce IR
by inhibiting adiponectin and Osteocal-
cin. This may have led to the assumption
that iron metabolism can contribute to the
development of T2DM ¥, Higher FERR
levels have been reported by some studies
to be associated with obesity, metabolic
syndrome and cardiovascular diseases. It
is under consideration that serum FERR, a
marker of body iron status, maybe consid-
ered as a constituent of insulin-resistance
disorder ['* 2!, There is also a recognized
association between FERR levels and the
presence and severity of fatty liver dis-
ease. This was in partial agreement with
our results regarding increased ALT levels

in diabetic female patients with micro vas-
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cular and macro vascular complications.
This differs significantly from female pa-
tients without complications. Also, LDL
differed significantly between these two
groupst?'23,

At present it is believed that IR is the main
factor in inducing T2DM pathogenesis.
The well-established IR markers are glu-
cose, insulin, and C-peptide concentra-
tions !, In our study we found a signifi-
cant correlation between FERR level and
IR in T2DM.The IR level was calculated
using the homeostasis model assessment
of HOMA-IR index. This finding is con-
sistent with previous studies conducted
on Chinese and Korean populations ['"- 1],
Elevated levels of FERR have been recog-
nized as an attribute of T2DM but its asso-
ciation with the iron levels is multifaceted.
Insulin stimulates the synthesis of FERR
and activates the uptake of iron. On the
contrary, iron influences the insulin inhibi-
tion of glucose production by the liver %),
On the other hand, FERR acts as an indica-
tor of pancreatic inflammation and is thus
referred to as marker for IR 2627,

In the present study, 65% of diabetic sub-
jects had increased risk of CVD while only
20% had intermediate risk. American dia-
betes association studies have shown that
there is an apparent risk of getting CVD
in type 2 patients with diabetes especially

in conditions of hypertension and dyslipi-

demia. It has been shown that CVD is the
major cause of morbidity and mortality in
people living with diabetes. Besides, the
efficiency with which cardiovascular risk
is controlled is also dependent on factors
that can prevent or slow CVD in patients
with diabetes %1,

Conclusion and recommendation

In conclusion, our studies showed that
FERR levels are higher in people who have
diabetics than those who do not (controls).
No correlation was observed between se-
rum FERR and blood glucose control in
diabetics implying that that FERR may be
playing a significant role in the pathogen-
esis of T2DM. A decrease in insulin pro-
duction and induction of IR may be caused
by hyper ferritinemia in T2DM. Never-
theless, it seems important to consider the
question as to whether serum FERR levels
should be routinely estimated in all type
2 diabetes patients and to whether cutoff
threshold value be maintained in order to
achieve good glycemic control. Further
studies should be done to understand this
relationship in patients with diabetes and
to lay down specific guidelines so that this

chronic disease can be controlled.
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