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Elevated serum ferritin concentrations in

prediabetic subjects
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Abstract
Background
ew data are available on the association of variables of
Fthe insulin resistance syndrome and serum ferritin, an
indicator of body iron stores. We examined the rela-
tionship between serum ferritin levels and impaired fasting
glucose, a pre-diabetes stage associated with insulin resis-
tance, in this study.
Subjects & methods
One hundred and eighty seven people, including 91 sub-
jects with impaired fasting glucose (IFG) and 96 healthy
people who were well matched for age and sex, were
enrolled. Body mass index (BMI) and blood pressure of
the participants were measured and serum cholesterol,
triglyceride, white blood cells (WBC) count, C-reactive
protein (CRP) and ferritin were evaluated. All the data
were analysed by t-test, %2 test and analysis of varlance
Results
The IFG group had higher serum ferritin concen
(85.5+6.6 Ug/L vs. 49.4+3.7 ug/L, p=0. 001)
correlation was found between fasting pla

and serum ferritin (r=0.29, p=0.001). %

regression analysis, we found an as on be een
serum ferritin and blood pressure O =

(0.29, p=0.001), triglyceride (0.0&, p=0. 01) ﬁoles-
terol (0.07, p=0.03). The odds ratioor th |at|on of
IFG in male subjects W|th a (@; rum n’level was
8.3 (95% ClI: 12—119 df es was 3.06
(95% CI: 0.58-15, p=

Conclusion

Based on the da %m our %y aelevation in serum
ferritin can in pre-diabetes stage, before the
occurrence df an,overt diabetes mellitus.
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Introduction

Some epidemiological studle ported a strong associ-
ation between elevated s rritin concentrations and
increased risk for dlab% ince publication of reports
about the relationshi een excess ferritin, coronary
heart disease and |n reSIStance interest in ferrmn as a

possible risk fa r dlab jas increased. In our previ-
. o ositive correlation between

ous study in |

type 2 d| elll erum ferritin concentration.’ If

ferriti der a risk factor for type 2 diabetes,

then m b e d in pre-diabetes stages, for exam-
in subjects\who have impaired fasting glucose (IFG). This

d to investigate the association between
oncentration and IFG in Zanjan, a city about
300 st of Tehran, in 2004.

|als and methods
jects

he study was carried out in a group of subjects aged 20
years and above with IFG who had been identified in an epi-
demiological study in Zanjan, one of the provinces of Iran,
in 2001. From a total of 2,200 people who had been ran-
domly entered into the original study, 110 were recognised
to have IFG, using two different fasting blood samples. They
were recalled in 2004 to re-evaluate their fasting plasma glu-
cose (FPG) concentrations, and all subjects with FPG more
than 110 mg/dL (6.105 mmol/L) and less than 126 mg/dL
(6.993 mmol/L) were enrolled. After excluding all subjects
with haemoglobin concentration less than 12 mg/dL
(7.4472 mmol/L) and those with acute or chronic inflamma-
tory or infective disease, 91 subjects were entered into the
study. The subjects were not on medications that might
affect blood glucose concentration.

The control group consisted of 96 individuals who had
normal blood glucose during the same epidemiological
study in Zanjan in 2001 and whose FPG was normal (less
than 100 mg/dL [5.55 mmol/L]) in the re-evaluation in
2004. These normal participants were matched with the
cases for sex and age.

Approval was obtained from the ethics committee of
Zanjan University of medical sciences. All the participants
were informed about the goals of the study and informed
consent was obtained from all of them.

Measurements
Weight was measured by the physician during the clinical
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Table 1. Characteristics of the impaired fasting glucose (IFG) group and the normal plasma glucose group

Parameter IFG group Control group

Male Female Total Male Female Total *P value

(n=41) (n=50) (n=91) (n=43) (n=53) (n=96)
Age (y) 45.74+14.5 49.4+16 47.7+16 45.7414.5 49.4+16 47.7+16 0.9
Smokers (%) 24.4 12 17.5 25.6 3.8 13.5 0.5
Hypertension (%) 17 30 24 32.6 26.4 29 0.4
BMI (kg/m?2) 25.5+0.6 2740.5 26.4+0.4 24.3+0.5 26+0.7 25.40.5 0.8
FPG (mg/dL) 114.6+4.2 115+4.7 115+4.7 93+8.5 91.3+8.9 92+8.7 0.01
Cholesterol (mg/dL) 205+6.4 222+7.4 213+6.5 191+6.8 199+7.2 @ 0.01
Triglyceride (mg/dL) 198+15 202+18 200+12 163+14 148+1}&% 54+ 9 0.002
Ferritin (ug/L) 108+11 67.7+7 85.5+6.6 59+45.5 49.443.7 0.0001
WBC 7,025+1,100 6,900+1,089 6,962+1,095 6,870+990 7, ,01 6,930+1,005 0.4
CRP (mg/L) 4.2+1.1 4.3+1.5 4.2+1.4 3.9+1.5 \4}+O.8 4+1.2 0.5

For continuous variables, data shown are mean + SD

Key: FPG = fasting plasma glucose; BMI = body mass index; WBC = white blood cell (count); % ;ree;:{%v

*p values calculated from the comparisons between the normal and IFG groups

Conversion factors: for cholesterol = 0.02586, for triglyceride = 0.01129 and for gluco@ 0555

{b

examination, using a balanced-beam scale and W|th %

subject wearing light clothing. Height was measure
physician using the clinic stadiometer and body
(BMI) was calculated based on weight dIV@ th
height squared formula. Blood pressure wa W%s
all the subjects in a sitting position an a staC ar
manometer at two different visits, apd t “
was taken as the blood pressure o /‘[&\
tolic blood pressure (SBP) > 1
pressure (DBP) > 90 mmHg or
tensive medications was
purposes of this study
Laboratory mea nts e ormed at the labo-
ratory of Zanjan S|ty of | Sciences, Vali-e-asr
Hospital, Zanj n. Plasma glicose was measured by
the glucose-@ldase colorimetric enzymatic method,
with a sensitivity of 5 mg/dL and intra-assay coefficients of
variation (CV) 1.7% for lower limit and 1.4% for upper limit
concentrations. Inter-assay CV was 1.1% for lower limit
and 0.6% for upper limit concentrations. Serum cholesterol
and triglyceride of all the participants were measured after
14 hours of fasting, using a colorimetric method with a
sensitivity of 5 mg/dL. Intra-assay and inter-assay CV for the
assay were 1.6% and 1.1% for lower limit and 0.6% and
0.9% for upper limit concentrations, respectively.
Complete blood count (CBC) was done for all the partici-
pants using haematological analyzer (Sysmex, KX-21,
Toa.Co., Japan). C-reactive protein was measured by a
high-sensitivity assay, using a latex particle-enhanced
immunoturbidimetric assay with analytical sensitivity of
0.175 mg/dL; upper limit of normal was set at 5 mg/dL.
Intra-assay and inter-assay CV for the assay were 0.6% and

‘- sion for the

/\Q\
E \{ Correlations (r) between serum ferritin and other

bles in all subjects in the study

arlable Ferritin concentration p value
gl

BMI (kg/m2) 0.06 0.4
BP (mmHg) 0.15 0.01
FPG (mg/dL) 0.29 0.001
TG (mg/dL) 0.08 0.01
Chol (mg/dL) 0.07 0.03
Key: FPG = fasting plasma glucose; BMI = body mass index;

BP = blood pressure, TG = triglycerides; chol = cholesterol

Conversion factors: for cholesterol = 0.02586, for TG = 0.01129 and
for glucose = 0.0555

0.9% for lower limit and 0.7% and 0.9% for upper limit
concentrations, respectively. Serum ferritin was measured
by 1251 coated tube immunoradiometric assay (Kavoshyar
Co.kit). The assay was performed in duplicate. After adding
500 uL of ferritin tracer to 20 uL of the sample in anti-
ferritin monoclonal antibody-coated tubes and incubation
for one hour in room temperature with shaking at more
than 280 rpm, radioactivity was measured in a gamma
counter with the window adjusted for 12°I. The inter-assay
coefficients of variation ranged from 2 to 4%. Ferritin con-
centrations more than 295 ug/L for men and 155 ug/L for
women were defined as raised.*

16

DIABETES AND VASCULAR DISEASE RESEARCH



ORIGINAL ARTICLE

Statistical methods

Results were analysed with SPSS version 11.5. Data are
expressed as the means + SD. Student’s t-tests or 2 tests
were used to compare clinical and laboratory data. Pearson
regression and analysis of variance was used and the odds
ratio was calculated for detection of a glucose-impaired con-
dition in the presence of high serum ferritin concentration.
Significance was considered at a level of p=0.05.

Results

In all, 187 people were studied, including 91 subjects with
IFG and 96 persons with normal plasma glucose concen-
tration. Table 1 shows the anthropometric and laboratory
characteristics of the case and control subjects in this study.
The cohorts were well matched for age and sex. There
was no difference between the two groups for their
white blood cell (WBC) count or C-reactive protein (CRP)
level.

Serum ferritin was higher in the IFG cohort (85.5+6.6
g/l vs. 49.4+3.7 ug/L, p=0.001). Levels of fasting plasma
glucose in the IFG group were much higher than in the
healthy control subjects. Table 1 compares various charac-
teristics in the case and control cohorts. On comparing lab-
oratory findings for male and female subjects, a significant
difference was found only in their serum ferritin concentra-
tions; in general, concentrations of ferritin in men were high-
er than in women (p<0.05). A positive correlation w
found between FPG and serum ferritin in this study (r=0,

matosis gene) and type 2 diabetes.”® Moreover, first-degree
relatives of patients with type 2 diabetes mellitus with nor-
mal glucose tolerance have higher ferritin concentrations
than normal control subjects.” These observations may sug-
gest a genetic predisposition to hyperferritinaemia in type 2
diabetes.

Iron overload decreases insulin sensitivity** and can
cause earlier complications in diabetes.” A small study
proved that bloodletting, which resulted in a 50% reduc-
tion of serum ferritin concentrations, improved glycaemia
and insulin sensitivity in patients with type 2 diabetes.’
Therefore, in addition to pancreatic beta cell damage,
insulin resistance may be the otheg-explanation for hyper-
glycaemia following iron overlo is a potent pro-oxi-
dant, and reactive oxygen }Q ave been shown to
interfere with insulin signalfiggat the cellular level." This
effect, especially in theliv ay be the main mechanism
of insulin resistance. recent review has shown that
insulin resistance ma the cause rather than the conse-

quence of distu%ces in i@wtabolism.12
Further no itied” in ferritin metabolism fol-

lowing gly&atigrin a iypersfycaemic state might be a pri-
mary a y%vitinaemia in type 2 diabetes.”"
o d fers s a longer serum half-life” and gly-

mfluences serum ferritin concentra-

ic confr iti
% Ith e excluded all subjects with acute or chronic

mfec ﬂammatory disorders and there was no signif-

erence between the two groups in our study in

p=0.001). Using multiple regression analysis, we f, ic
significant correlation between serum ferrltln %od yte count and CRP level, we cannot entirely exclude

pressure, FPG, triglyceride and cholesterol but
(table 2).

The odds ratio for the association of l |gh er
ferritin concentration was 3.3 (95% £ 1 8 3, p
The odds ratio for the association G |n
with high serum ferritin level
p=0.01) and for females
p=0.1).

Subjects with hype
tions (71+4.9 ,ug/L v .&15.2
p=0.03). There rence between smok-
ers and non-s n terms of their serum ferritin concen-
tration (76.6 13 g/L vs. 65.2+4 ug/L).

jects
2-11.9,
0.58-15,

r|t|n concentra-
the normotensives,

Discussion

In our study, the ferritin concentration in glucose-impaired
subjects, a high-risk population for type 2 diabetes, was sig-
nificantly higher than that in normal control subjects, imply-
ing that hyperferritinaemia occurs before elevation of plasma
glucose concentration above 126 mg/dL (6.993 mmol/L).

In recent years, the association of high serum ferritin level
and hyperglycaemia in type 2 diabetes has become a topic
of interest." Many studies have revealed elevated ferritin
concentrations in diabetic patients in comparison with nor-
mal subjects.”** One of these studies was reported from
Zanjan, Iran.’ Excessive ferritin concentration can be a mark-
er of iron overload and subclinical haemochromatosis in dia-
betes patients. There are some reports of a link between
C282Y and H63D mutations in the HFE gene (haemochro-

e possibility that the serum ferritin level is a marker of sub-
clmlcal inflammation, which itself may be a risk factor for
type 2 diabetes mellltus.15 The reduced risk for diabetes in
premenopausal women and vegetarian societies has been
reported and may be explained by the iron overload
hypothesis.'"

Limited studies on patients with impaired glucose toler-
ance (IGT) have shown higher ferritin concentrations in this
group and found a positive correlation between serum fer-
ritin and 2-hour glucose concentration during glucose toler-
ance testing.” Both IFG and IGT are prediabetic states which
are characterised by insulin resistance. These results suggest
that hyperferritinaemia and iron overload may be the pri-
mary cause of insulin resistance before overt diabetes melli-
tus develops.

Conclusion
Reduced dietary iron intake, especially in men and post-
menopausal women with additional risk factors for type 2
diabetes, may be advisable.”

Actively lowering body iron stores may be effective in
preventing type 2 diabetes in selected subjects with
impaired glucose metabolism.
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