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ABSTRACT

There are a few reports suggesting that subtle disturbances of iron metabolism are frequently found
in patients with type 2 diabetes (DM2), but it is not known if these disturbances precede or accom-
pany the diabetic state. We investigated the serum iron indices in 41 offspring of DM2 parents
(group I) with normal glucose tolerance, and in 49 offspring whose parents had no history of DM2
and were matched for sex, age, body mass index (BMI), waist to hip ratio (WHR) and blood pres-
sure (group II). Serum iron, ferritin, total iron binding capacity (TIBC), transferrin saturation,
serum triglycerides, cholesterol, Apo-B, high density lipoprotein (HDL) and glucose and insulin
values during an oral glucose tolerance test were measured. Insulin resistance was assessed using
the homeostasis model assessment (HOMA - Insuline resistence index-IRI). In comparison to con-
trols (group II), the offspring of DM2 subjects (group I) had higher fasting serum triglycerides
(mean *= SD 2.25+2.08 vs. 1.6%+0.8 mmol/L, p<0,05), lower HDL cholesterol (0.96 = 0.2 vs. 1.1 *
0.2 mmol/L, p<0.001), higher total cholesterol (5.5 %= 1.1 vs. 5.1 = 0.8 mmol/L, p < 0.05), higher
apo-B-lipoprotein (133.2+34.3 vs. 125.5+30.5 mg/dl, p<0.05), higher LDL-C (3.7 = 0.8 vs. 3.2 =
0.6 mmol/L), higher y-GT (28%10 vs. 17%5.6 IU/L, p<0.01) higher insulin in the Area Under the
Curve (204.7%+140.8 v. 153.1 * 63.0 uU/ml, p<0.05) and higher HOMA-IRI (2.84*+1.39 vs. 1.67*0.77,
p<0.001), higher serum ferritin concentrations (98.3+57.7 vs. 62.0+41.1 ng/ml, p<0.01), higher
serum iron concentration (20.2+6.0 pmol/L vs. 14.5+4.3, p<0.001) and higher transferrin satura-
tion index (31.3%+8.4 vs. 22.6+7.3, p<0.0001). By single linear analysis in the offspring of DM2
parents, there was a positive correlation of IRI with transferrin saturation (r=0.400, p<0.01), fi-
brinogen (r=0.377, p=0.025) and ferritin concentration (r=0.344, p=0.041), and a negative corre-
lation with TIBC (r=-0.477, p < 0.0001), while stepwise multiple regression analysis, IRI showed a
positive correlation with fibrinogen (b=0.64, t=3.746, p<0.001), triglycerides (b=0.37, t=2.619,
p<0.01) and ferritin (b=0.20, t=1.827, p=0.05). No correlation of IRI, with any of the above pa-
rameters was seen in the offspring of normal parents. By logistic regression analysis the parame-
ters characterizing the offspring of parents with DM2 were IRI (OR 14.9 CI 2.4-91.0) serum iron
(OR 44.2 C1 6.9-281), TIBC (OR 6.1 C11.01-37.0 and y-GT (OR 29.6 CI 5.0-174). In conclusion, the
data indicate that the iron load, is significantly increased in offspring of DM2 subjects with unaf-
fected glucose tolerance. Furthermore, ferritin concentration is related to insulin resistance. Hence,
the relative iron “overload” in offspring of type 2 diabetics is present along with insulin resistance
and might worsen the hepatic insulin insensitivity already present in these patients.
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INTRODUCTION

Abnormalities in the regulation of peroxide pro-
duction, free radicals transition, metal metabolism and
oxidative stress have been postulated as playing a role
in the pathogenesis and late complications of diabe-
tes mellitus (DM)'~. Oxygen free radicals promote the
oxidation of lipids, rendering them suitable to pene-
trate the endothelial wall and therefore to become
more atherogenic®. Free iron catalyzes free radical pro-
duction which generates oxidants that can induce lip-
id oxidation'”.

It is reasonable to hypothesize that disturbances
of iron metabolism may be related to insulin resis-
tance, a condition known to predispose to atheroscle-
rosis. Moreover, it is well known that the incidence of
DM is very high in hemochromatosis and that insulin
resistance is also present in patients with f-thalassemia
with high serum ferritin levels'”". Serum ferritin has
been reported to be increased in patients with diabe-
tes mellitus type 2 (DM2) and type 1'°. It is not known
whether this is due to abnormal glycosylation and
therefore to increased half life of ferritin, or is simply
an accompanying disturbance not related to insulin
resistance. Recently, an association of serum ferritin
values and insulin resistance has been reported in ap-
parently healthy individuals, but these subjects were
not matched for sex, body mass index (BMI) and age,
and no parental history of DM2 was recorded”. In
another study, serum ferritin levels have been pro-
posed as representing a cardiovascular risk factor'.

We therefore undertook a study to examine whether
normal offspring of parents with DM2 and normal
glucose tolerance display any differences in serum iron
concentration, total iron binding capacity (TIBC), fer-
ritin and transferrin saturation in comparison to off-
spring whose parents had no history of type 1 or 2
DM, and whether the Insulin Resistance Index (IRI)
is related to these parameters in these individuals.
Such a study, to our knowledge, has not been previ-
ously reported.

SUBJECTS AND METHODS

We studied 54 healthy offspring of 54 unrelated
families (group I). The subjects were Caucasians, of
Greek origin and had one parent who developed DM2
after the age of 50 years. Two individuals had both
parents with DM2. Maturity-onset diabetes of the

young was excluded on the basis of the late onset of
diabetes. 54 subjects with no family history for diabe-
tes (group II), matched for sex, age, BMI and waist-
to-hip ratio (WHR), served as controls. All subjects
had a normal physical examination with no history of
gastrointestinal bleeding, hepatitis or menstrual dis-
turbances. Of the female subjects, 3/13 in group I and
5/18 in group Il were menstruating. They also had nor-
mal values for routine laboratory parameters includ-
ing hematology, fibrinogen, C-reactive protein, HbAlc
(upper limit of normal 6.5%), adrenal, kidney, liver
and thyroid function. The subjects were not under any
medication known to affect carbohydrate, lipoprotein
or iron metabolism and all denied alcohol intake and
nutrition supplements containing iron. After an ap-
propriate carbohydrate diet for one week, an oral Glu-
cose Tolerance Test (OGTT) was performed and pa-
tients with impaired glucose tolerance or type 2 dia-
betes were excluded from the study. Fortyone subjects
remained in group I and 49 in group II.

Study design

After a 12-h overnight fast, blood samples were
drawn for serum glucose, insulin, lipids, lipoprotein
and ferritin, iron and TIBC.

Serum ferritin was measured by radioimmunoas-
say. Iron level and TIBC were determined by routine
laboratory tests. Transferrin saturation was calculat-
ed as the quotient of serum iron by the simultaneous-
ly measured TIBC. The intake of natural nutrients,
including dietary iron, was estimated using the Nutri-
ca Computer program for calculation of nutrient in-
take®.

The subjects ingested 75g of glucose over a 2-min
period. Blood samples were drawn at 30, 60 and 120
min thereafter for measurement of serum glucose and
insulin concentrations. Plasma glucose was measured
with an automatic analyzer applying the glucose oxi-
dase method. Insulin was determined by radioimmu-
noassay (RIA) kit. Insulin resistance was calculated
using the homeostasis model assessment (HOMA-
IRI)'*,

The areas under the glucose and insulin curves
(AUC) during the OGTT were calculated using the
formula: 0.25x (fasting value) + 0.5x (1/2h value) +
0,75x (1h value) + 0.5x (2h - value)".

The study design was approved by the ethical and
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scientific committee of the Hospital and informed
consent was obtained from all subjects participating
in the study.

STATISTICAL ANALYSIS

Results are expressed as mean along with standard
deviation. Data were analyzed by using the SPSS ver-
sion 11.0 statistical package (SPSS Inc. USA). Un-
paired Student’s t-test was applied to compare the
parameters between the two groups. Pearson correla-
tion coefficient was used to assess the relation between
the various parameters. Multivariate analysis of vari-
ance was applied to evaluate the glucose tolerance and
the insulin response between the groups. A stepwise
multiple regression analysis was used to ascertain the
independent predictive value of each studied param-
eter on IRI. To estimate odds ratios, forward step-
wise logistic regression was applied after dichotomi-
zation of the independent parameters in the median,
setting the group as dependent variable. The statisti-
cal inferences were based on the level of significance
p<0.05.
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RESULTS

The clinical characteristics of the study population
are shown in Table 1. The group of offspring with type
2 diabetic parents as well as the control group had a
similar distribution of age, sex, BMI, WHR, systolic
and diastolic blood pressure (BP). Serum lipids and
iron concentrations and the related parameters are
presented in Tables 1 and 2. No difference in the he-
matocrit, hemoglobin, MCV and MCH values between
the two groups were observed. The mean fasting se-
rum triglycerides, apo-B, total cholesterol and LDL-
cholesterol were higher and serum HDL lower in
group I compared to the control group. Serum fibrin-
ogen was measured only in Group I patients.

Serum ferritin concentration was higher in group
I compared to group II (98.3=57.5 vs. 62.0+£41.2 ng/
ml, p<0.01), as well as serum iron concentration
(20.2£6.0 vs. 14.5%4.5 pmol/L p<0.001) (Table 2).
The TIBC was comparable in both groups (64.1+10.4
vs. 65+9.6 umol/L). The transferrin saturation was
higher in group I compared to group II (31.3+8.4 vs.
22.6+7.3 p<0.0001, Table 2).

Table 1. Clinical characteristics and laboratory values of the offspring of type 2 diabetes parents (group I) and offspring of normal parents

(group II)

Group I Group II P value

mean s.d.* mean s.d.*

n (M/F) 41 (28/13) 49 (31/18) NS
Age (yr) 41.4 6.8 43.4 55 NS
BMI (kg/m?) 28.1 4.8 27.6 35 NS
WHR 0.87 0.10 0.80 0.08 NS
Systolic BP (mmHg) 119.4 155 120.8 10.8 NS
Diastolic BP (mmHg) 72.1 12.8 73.9 10.1 NS
Hematocrit (%) 425 29 421 3.1 NS
Hemoglobin (g/dl) 13.87 0.92 13.78 1.01 NS
MCV (fl) 88.1 25 88.5 29 NS
MCH (pg) 291 13 29.5 1.6 NS
Triglycerides (mmol/l) 225 2.08 1.60 10.80 <0.05
Cholesterol (mmol/l) 5.5 1.1 5.1 0.8 <0.05
HDL-cholesterol (mmol/l) 0.96 0.20 1.10 0.20 < 0.001
LDL-cholesterol (mmol/l) 3.7 0.8 32 0.6 <0.05
Apo-B lipoprotein (mg/dl) 1332 343 1255 30.5 <0.05
Fibrinogen (mg/dl) 314 71 Not Done - -
y-GT (U/l) 28.0 10 172 5.6 <0.05

s.d.* std deviation
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Table 2. Serum iron indices of the studied subjects (mean*SD)

Group I Group IT P value
mean s.d.* mean s.d.*

n 41 49
Ferritin (ng/ml) 983 577 620 412 <0.01
Iron (umol/l) 202 6.0 14.5 43 <001
TIBC (umol/l) 640 104 650 9.6 NS
Transferrin Saturation
Index (Iron x 100/TIBC) 31.3 84 226 73 <001

The glucose and insulin concentrations, in the fast-
ing state (O time) and after an oral glucose challenge,
are shown in Table 3. The mean glucose concentra-
tion was significantly higher in group I compared to
group II only in the fasting state (4.5+0.6 vs. 4.3+0.6
mmol/L, p<0.05), whereas the between subjects dif-
ferences were not significant. Moreover, the area un-
der the glucose curve was comparable in the two
groups. Serum insulin concentration was higher in
group I than in group II at zero time sample, (14.0+6.4
vs. 8.6%3.2 pU/ml), 30 min (122.2+94.3 vs 81.7+50.6
wU/ml) and 60 min (134.4%103.1 vs. 99.9+48.9 nU/
ml p<0.05). The results from testing the between sub-

jects effect group indicate that this effect is signifi-
cant at a=0.05 (p=0.026). The area under the insulin
curve was higher in group I (205=141 vs. 153+63 pU/
ml, p <0.05), than in group II. HOMA-IRI was sig-
nificantly higher in group I compared to group II
(2.84+1.39 vs. 1.67x0.77, p <0.001).

In the offspring of the diabetic parents, the insulin
resistance index was positively correlated at a statisti-
cally significant level with serum fibrinogen (r= 0.3§,
p= 0.025), triglycerides (r= 0.31, p= 0.045), LDL (r=
0.38, p= 0.031), transferrin saturation (r= 0.41, p=
0.008), and negatively with TIBC (r= -0.47, p <0.001).
Insulin Resistance Index and AUC of insulin were also
positively correlated with serum ferritin values (r=
0.34, p= 0.03, and r= 0.33, p= 0.04, respectively).
There was no correlation of IRI with any of the above
parameters in the control group, although serum fi-
brinogen was not measured in this group. Using a step-
wise multiple regression model with Insulin Resistance
Index as independent variable, the remaining factors
were: triglycerides (b= 0.22, t= 2.27, p= 0.03), fer-
ritin (b= 0.06, t= 2.29, p= 0.02), LDL (b= 1.04, t=
4.06, p <0.001), cholesterol (b= -0.84 t= -3.53 p=
0.036) and TIBC (b= -0.04, t= -3.35, p <0.001). The

Table 3. Serum insulin, glucose, glucose and insulin under the curve and insulin resistance index in offspring of DM2 parents (group I) and
control subjects (group II) during an oral glucose challenge (mean+SD)

Group I Group II P value (Anova)
mean s.d.* mean s.d.*
Number (n) 41 49
Glucose (mmol/l)
Fasting 4.53 0.62 4.26 0.56
30 min 8.4 2.0 83 1.5 NS
60 min 84 3.0 8.9 25
120 min 54 13 5.6 5.6
AUC glucose (mmol/l) 14.4 3.7 14.6 2.8 NS
Insulin (WU/ml)
Fasting 14.0 6.4 8.6 32
(5-36) (3-17)
30 min 122.2 94.3 81.7 50.6 p =0.026
60 min 134.4 103.1 99.9 48.9
120 min 76.9 81.0 70.5 40.7
AUC insulin (wU/ml) 205 141 153 63 < 0.05
HOMA-IRI 2.84 1.39 1.67 0.77 < 0.001

AUC: area under the curve

HOMA IRI: Insulin resistance index. Homeostasis model assessment of insulin resistance!'®!®
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results of multiple regression analysis are shown in
Table 4.

To estimate the odds ratios of the parameters re-
ferred to in Tables 1 and 2, logistic regression analy-
sis was applied using the group as independent vari-
able. Table 5 presents the parameters gained statisti-
cal significance along with corresponding odds ratio
and 95% confidence intervals.

DISCUSSION

Resistance to insulin-stimulated glucose uptake is
a characteristic finding in patients with DM2*. The
observation that concordance for type-2 diabetes ap-
proaches 100% when one identical twin has the disease
strongly suggests that the decisive component of this
syndrome is genetic in nature®. Several studies have
shown that offspring of at least one parent with DM2
display hyperinsulinism and are more resistant to in-
sulin action than offspring of parents whose glucose
tolerance was normal*?>.

The results of our study support and expand these
findings. We found that offspring of patients with
DM2, when compared with normal individuals whose
parents had no history of DM2 and were matched for
sex, age and BMI, had higher insulin values, higher
fasting serum triglycerides, lower HDL cholesterol,

Table 4. Results of Multiple Regression Analysis, Using as Depen-
dent Variable the IRI.

ALL PATIENTS
Independent variable b SE, t p
Triglycerides 0.22 0.09 2.27 0.02
Ferritin 0.06 0.03 2.39 0.02
TIBC -0.03 0.01 -3.35 <0.01
Cholesterol -0.84 0.23 -3.52 <0.01
Group 0.73 0.21 3.44 <0.01

Table 5. Remaining factors in logistic multivariate stepwise analysis
Independent variable.: Group

Parameter OR 95% C1

IRI 14.88 2.44 -90.87
Fe 44.18 6.93 - 281.47
TIBC 6.12 1.01-37.29
v-GT 29.66 5.05-174.20

OR = Odds Ratio, CI = Confidence Intervals
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higher apo-B lipoprotein and higher insulin resistance
index, assessed by HOMA. Moreover, the serum iron
concentration, serum ferritin and transferrin satura-
tion were found to be substantially higher in offspring
of parents with DM2 compared to offspring of nor-
mal parents.

We also found a strong negative correlation of in-
sulin resistance index with TIBC and a strong posi-
tive correlation with transferrin saturation and serum
ferritin. The fact that correlation of insulin resistance
index with serum iron levels was not seen does not
attenuate the significance of our findings. It is well
known that the levels of serum iron are influenced by
many factors, such as acute phase proteins, inflam-
matory cytokines and, therefore, serum iron is not con-
sidered the best parameter expressing the iron-sta-
tus. Instead, transferrin saturation is affected much
less by the above-mentioned factors and is used as a
more reliable parameter indicating the iron status. To
our knowledge, this is the first study which clearly dem-
onstrates that almost all parameters of iron metabo-
lism are set up at higher levels in apparently normal
individuals with positive family history of diabetes with
an underlyling decreased insulin sensitivity, compared
to controls.

Our study differs from previously reported stud-
ies®*3! in certain aspects. First, the offspring group
from parents with DM2 was carefully matched to
healthy individuals as far as medical history, age, sex,
BMI and WHR are concerned. Second, the individu-
als with impaired glucose tolerance were excluded
from both groups. Third, as far as the iron indices are
concerned, we included, besides serum ferritin and se-
rum iron levels, the TIBC and the transferrin satura-
tion index. The latter better reflects the iron trans-
port since only the iron not found in hemoglobin,
myoglobin and the transport protein transferrin is
bound to ferritin’.

The cause of increased serum iron, ferritin and
transferrin saturation index in offspring of parents with
DM2 is not readily apparent. It has been reported that
these parameters accompany the insulin resistance
state since ferritin in particular is increased in patients
with DM2 and in some patients with type 1 diabe-
tes'®!!. In our study, as judged by multiple regression
analysis, the levels of serum ferritin were related to
Insulin Resistance Index, which is in concordance with
the latter findings. It appears, therefore, that the dis-
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turbances in iron metabolism observed in the present
study may be the result of insulin resistance in the
liver since they are found in offspring of parents with
DM2 without evidence of frank or incipient glucose
intolerance. The disturbances in iron metabolism ac-
company all other metabolic parameters known to
characterize the insulin resistance syndrome such as
increased triglycerides, lower HDL, higher serum in-
sulin levels, also found in our offspring of DM2 par-
ents. This is strengthened by the finding that the higher
values of the parameters of iron metabolism found in
the offspring of parents with type 2 diabetes were
strongly correlated with insulin resistance index,
whereas no correlation was found in the offspring of
normal individuals.

A tentative hypothesis about the contribution of
iron status in the pathogenesis of the insulin resis-
tance syndrome can be formulated. It is possible that,
to some degree, the liver of patients with higher iron
stores might become even more “insensitive” to insu-
lin as judged by the higher serum insulin levels and
the higher insulin resistance index in the offspring of
type 2 diabetic parents. Non-cirrhotic patients with
hemochromatosis are hyperinsulinemic and have nor-
mal glucose tolerance™. Recently it has been report-
ed that 22% of patients with DM2 had at least one
copy of the C282 Y hemochromatosis gene, suggest-
ing that subtle iron metabolism abnormalities, simi-
lar to those found in our study, might be found in these
patients™?*,

There are also other data to support the proposed
hypothesis. Wannamethee et al® recently reported that
there is a linear association between hematocrit level
and the risk of DM2 over a 12-year follow-up period.
Catalano et al have found that the glucose clearance
rate was inversely related to hematocrit®. High serum
hemoglobin values have been associated with subse-
quent glucose intolerance and DM2**, Increased lev-
els of ferritin were found in several patients with type
2 diabetes'***. In the Third National Health and Nu-
trition Examination Survey, increased risk of newly
diagnosed diabetes was observed among participants
with transferrin saturations less than 45%?*'. Derange-
ment in other serum parameters of iron metabolism
are frequently found in patients with poorly controlled
diabetes mellitus and short term control in glucose
values is associated with marked decrease in serum
ferritin levels”. Other studies, however, do not sup-

port the iron “overload” as a contributing factor in
the development of DM2. Liver iron stores measured
in liver biopsy speciments are not increased in patients
with type 2 diabetes®”. Desferioxamine therapy had
no effect on glucose homeostasis in patients with DM2
and elevated serum ferritin levels®.

Another possible explanation for the increased
transferrin and iron as well as the increased transfer-
rin saturation index in the offspring of type 2 diabetic
patients may be an early, still silent, non-alcoholic ste-
atohepatitis (NASH) resulting from hyperinsuline-
mia**. This is strengthened by the fact that y-GT, an
early sign of NASH, was increased in the offspring of
parents with DM?2 and was positively correlated with
insulin resistance. Most of our patients were hyperin-
sulinemic and, therefore, it is reasonable to postulate
that the fat concentration per gram of liver tissue
would be increased. This may lead to local IL-6 and
TNFa production® resulting in mild chronic inflam-
mation, which may explain the increase in ferritin
decreased transferring, and concequent increased
transferrin saturation index. It must be pointed out,
however, that in our patients the increased transfer-
rin saturation index was mainly due to increased se-
rum iron and not to decreased TIBC.

Our findings clearly demonstrate that the observed
derangement of serum iron parameters is not due to
glucose intolerance but rather accompany the insulin
resistance syndrome. None of our patients had any
apparent abnormality in glucose disposal since all had
normal glucose tolerance. The increased ferritin lev-
els seen in overt diabetes may also be due to NASH,
to decreased half-life of glycosylated ferritin®** or
both.

A new syndrome named “dysmetabolic iron over-
load syndrome” has recently been proposed based
upon the original observations of the group of Yves
Deugnier®* and includes hyperferritinemia and in-
creased liver iron concentration in the presence of a
normal transferrin saturation. It is accompanied by
hyperlipidemia, glucose intolerance and increased
BMI and in many cases by non-alcoholic steatohepa-
titis. This important observation was followed by com-
ments™, an editorial® and a perspective review”. The
authors hypothesize that there is a relation between
hepatic iron and steatosis and an association with in-
sulin resistance. In some studies, mutations of the HFE
gene (C282Y) associated with hemochromatosis have
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been found®, but not in others®>”, In the present study
the iron parameters in the offspring of parents with
DM2 were within the normal range but higher when
compared to individuals without family history of type
2 diabetes.

Whatever the explanation of these findings may
be, we propose that the observed abnormalities in iron
metabolism in offspring of parents with DM2 repre-
sent an additional component of the well known “Met-
abolic Syndrome” or “Insulin Resistance Syndrome”.
These abnormalities are present before the abnormal-
ities of glucose metabolism become apparent. It is thus
reasonable to speculate that the abnormalities in iron
metabolism in offspring of DM2 parents are the re-
sult of early liver steatosis and very mild non-alcohol-
ic steatohepatitis. Whether the observed relative iron
overload, still within the “normal” range, contributes
to already existing liver insensitivity to insulin, can-
not be foreseen.
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