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Abstract

Background: Gestational diabetes mellitus (GDM) is the most common metabolic disorder during pregnancy. GDM causes
substantial morbidity and mortality and long- term complications. GDM-related risk factors have not been completely identified yet.
Some studies have found relationship between increased serum ferritin and impaired oral glucose tolerance test but the relationship
between serum ferritin and risk of GDM has been controversial. The aim of the study was to determine serum iron and ferritin
levels and total iron binding capacity (TIBC) in women with GDM and comparison with normal pregnant women. Materials and
Methods: This case-control study was performed among 200 pregnant women (case = 100, control = 100) who were referred
to Yahya-Nejad Hospital in the second trimester in Babol from 2008 to 2009. GDM was diagnosed by impaired OGTT based
on Carpenter and Coustan criteria. The 2 groups were matched in age, gestational age and parity. Results: High serum ferritin
level increased the risk of gestational diabetes to 2.4-fold [OR =2.4 (0.83-6.9) Cl =95% (P =0.10)], while in those with low ferritin
levels, the risk of developing gestational diabetes was reduced to 82% [OR = 0.8 with (0.08-0.37) Cl = 95% (P = 0.001)]. Using
the logistic regression model, after adjustment for BMI, the OR was 2.37 [(0.80-7.01) Cl =95% (P = 0.11)] for low ferritin level and
OR =0.20 [(0.09-0.44) Cl = 95% (P = 0.0001)] for high ferritin level, which was statistically significant. Conclusion: The serum
ferritin level was markedly higher in women with gestational diabetes than in normal pregnant women; therefore, high ferritin can
be regarded as a significant risk factor for the development of gestational diabetes.
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INTRODUCTION

Today, diabetes mellitus is one of the major health
problems affecting millions of people worldwide.!"
Gestational diabetes is considered as a type of diabetes,
which is the most common metabolic disorder during
pregnancy.”! Gestational diabetes refers to carbohydrate
intolerance with different degrees of severity that begins
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or is diagnosed during pregnancy [gestational diabetes
mellitus (GDM)].PI Nearly 90% cases of diabetes during
pregnancy are due to gestational diabetes; the prevalence
is varied from 1% to 14%, and the related frequency has
been reported from 2.3% to 8.6% in studies conducted
in Iran.*" Several investigations have shown that women
with a history of gestational diabetes have higher risk
for developing diabetes, especially type II diabetes.!
The disease is associated with severe fetal and maternal
consequences, and thus, early diagnosis of this common
metabolic disorder is of high importance for the
prevention of maternal and prenatal complications.”!"!
Gestational diabetes-related risk factors have not been
completely identified yet. However, family history of
type 11 diabetes in first-degree relatives, older age, obesity,
hypertension, elevated blood platelet count, and increased
hemoglobin and ferritin levels can be enumerated as
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potential risk factors for GDM.IM In some studies, a
statistically significant relationship has been found between
increased serum ferritin, decreased serum TIBC (total iron
binding capacity) and impaired oral glucose tolerance test
(OGTT).'"*1 Studies revealed that increased body iron
storage plays a role in impaired glucose tolerance in type 11
diabetes and gestational diabetes."*' There is evidence of
a link between insulin metabolism and excess body iron,
since in frequent blood donors who have iron deficiency
postprandial hyperinsulinemia is reduced, leading to
enhanced insulin sensitivity and diabetes prevention.!''*!
Increased serum ferritin concentration accompanied
by insulin resistance and diabetes in general population
has recently been reported in gestational diabetes.!”?!)
Nevertheless, the relationship between serum ferritin and
insulin resistance or risk of diabetes have been announced
controversially in cross-sectional and case-control studies,
therefore, further investigations are required.”” Uncertain
relationship between stored iron status in mothers’ serum
and gestational diabetes has been reported. The present
study has been carried out to compare serum iron and
ferritin levels and TIBC to transferrin between women
with and without GDM.

MATERIALS AND METHODS

This case-control study was performed among pregnant
women referred to prenatal care clinic affiliated to Shahid
Yahya-Nejad Hospital in Babol from 2008 to 2009.
Regarding the existing analytical studies in this field,
with 95% confidence interval, 80% statistical test power,
and the percentage difference between case and control
exposure to 15%, the study samples were estimated to
be 200 (100 participants in each group). Data-collecting
instrument was a questionnaire including the information
on demographic and fertility characteristics, ferritin, TIBC,
and serum iron levels and the OGTT test. Convenience
sampling method was used in the study. In this research,
for each case who was diagnosed as GDM by impaired
OGTT based on Carpenter and Coustan criteria after
26 weeks of pregnancy, one sample was selected from
the routine prenatal care clinic of the same center as the
control. The two groups were matched in terms of age,
gestational age and parity. For selecting the control group,
in 24 to 28 weeks of gestational age an initial screening
was done with one-hour 50-gram glucose challenge
test, regardless of the last meal. If patients’ glucose was
higher than the threshold of 130 mg/ dl, three-hour 100-g
glucose tolerance test (OGTT) would be undertaken for
more evaluation. To perform the mentioned test, three
days of preparation (including use of atleast 150 grams of
carbohydrate per day) was recommended, and the test was
performed on the fourth day after 8 to 12 hours of fasting

period. Subjects with normal glucose tolerance test were
considered as the control group. GDM was diagnosed if
two out of four times blood glucose measurements were
higher than Carpenter and Coustan criteria’s cut-off level
such as 95 mg/dl fasting blood glucose, 180, 155 and
140 mg/dl blood glucose at one, two and three hours
after 100 g oral glucose intake, respectively.

Subjects with a history of gestational diabetes, recurrent
miscarriages (three consecutive abortions), previous
child with congenital abnormalities and dead-born baby,
smoking before and during pregnancy, preterm delivery and
medical diseases such as hemoglobinopathies, infections,
and other chronic disorders were excluded. After selecting
the samples and obtaining the consent letter, individual’s
personal characteristics were recorded in the questionnaire
by a trained midwife, and 5 ml venous blood samples were
collected from all participants and were subsequently sent to
Pasteur Laboratory of Babol for ferritin, TIBC and serum
iron measurements. Serum iron and TIBC were measured
by RA-1000 auto-analyzer using the biochemistry kits and
the serum ferritin by IRMA ferritin kit from Kavoshyar Iran
Company and Gamma Counter. The study was approved
by Medical Ethics Committee of University of Medical
Sciences of Babol. Data were analyzed by SPSS statistical
software using rtest, Chi-square and Man-Whitney for
quantitative, qualitative and ordinal variables, respectively
to examine differences in the case and the control group.
To determine the risk of diabetes based on the amount of
body iron, logistic regression was used and was considered
as statistically significant at P < 0.05 level.

Finding

The findings showed no significant difference between the
2 groups in terms of the number of parities and educational
level. The mean (SD) of maternal age, gestational age, body
mass index, serum iron, total iron binding capacity to ferritin
and transferrin is presented in Table 1. As it can be seen from
the table there was a significant difference in body mass index
and serum ferritin levels between the 2 groups (P < 0.05).

Table 1: Comparison of the mean and standard
deviation of relevant variables in pregnant
women with and without GDM

Variables Gestational Healthy Pvalue

diabetes group

group

Mother’s age 25.6945.33 24.9615.33 0.33
(years)
Gestational age 27.22+3.48 26.64+2.75 0.19
(weeks)
Body mass index 27.60+4.48 25.08+4.56 0.00
Serum iron (ug/dl) 95.75+41.14 91.48+31.80 0.06
TIBC (pg/dl) 354.55+40.47  353.02+51.10 0.1
Ferritin (ng/ml) 52.10+47.23 30.36+23.27 0.001

GDM: Gestational diabetes mellitus, TIBC: Total iron binding capacity
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The mean serum iron concentration was 95.75 + 41.14
in the case and 91.48 £ 31.80 in the control group; no
significant difference was found. Total iron binding capacity
to transferrin was 354.55 * 40.47 in the control and
353.02 £ 51.10 in the case group, which was not statistically
significant. The serum ferritin level was found to be higher
in pregnant women with gestational diabetes in compatison
with normal pregnant women, and it was statistically
significant (P < 0.001). Moreover, high ferritin levels (greater
than 80 ng/ml) increased the risk of gestational diabetes to
2.4-fold [OR = 2.4 (0.83-6.9) CI = 95% (P = 0.10)], while
in those with low ferritin levels (less than 20 ng/ml), the
risk of developing gestational diabetes was reduced to
82% [OR = 0.8 with (0.08-0.37) CI=95% (P=0.001)]. Using
the logistic regression model, after removing the effects
of BMI, the adjusted OR was 2.37 [(0.80-7.01) CI = 95%
(P = 0.11)] for low ferritin level (less than 20 ng/ml) and
OR = 0.20 [(0.09-0.44) CI = 95% (P = 0.0001)] for high
ferritin level, which was statistically significant. For per-unit
increase in BMI, the risk of developing gestational diabetes
was significantly increased 1 percent after neutralizing effect
of ferritin [OR = 1.1 (1.03-1.18) CI = 95% (P = 0.01)].

DISCUSSION

In the present research, the serum ferritin level was
markedly higher in women with gestational diabetes
than in women in the control group; therefore, high
ferritin can be considered as a significant factor for the
development of gestational diabetes. Several studies have
shown that increased iron stores in the general population
is accompanied by elevated incidence of diabetes.***
In the study by Scholl ¢ 4/, women with high ferritin
levels represented the risk of developing type 11 diabetes
nearly three times within the next 10 years, without being
associated with other risk factors such as body mass index,
age and race.” In another investigation, no difference was
found for the serum iron and total iron binding capacity
to transferrin between women with GDM and the control
group. However, ferritin level was noticeably higher in
women with GDM.!"I In our study, no significant difference
was observed between the 2 groups in terms of the serum
iron and transferrin-iron binding capacity; nevertheless, the
serum ferritin level was higher in women with gestational
diabetes in comparison with normal group without being
correlated with other risk factors such as body mass index,
and the difference was statistically significant.

Likewise, according to other studies, ferritin level is also
in consistence with body iron stores and, therefore, is the
most appropriate laboratory indicator for the estimation
of iron stores.”! Hence, serum ferritin measurement is
recommended for the evaluation of body iron status.

Based on other reports, high iron level in the body has
been suggested as a risk factor for developing GDM. [
Administration of iron supplements along with vitamin C
in women with sufficient levels of iron stores contributes
to free radical overproduction, lipid membrane damage,
delayed growth and increased carcinogenesis.” In addition,
increased iron administration affects insulin secretion and
increases lipid oxidation and leads to decrement in muscle
glucose uptake and consumption and increment in
gluconeogenesis in liver, resulting in enhanced sensitivity
to insulin and predisposition to GDM.F"

Elevated serum ferritin concentration, which is associated
with insulin resistance and diabetes in the general
population, has also been recently reported in gestational
diabetes.”??%* In some studies, iron level augmentation
has been identified as a harmful factor for the body
through oxidative stress and free radicals.’™!l Excess iron
and oxidative stress play a role in the pathogenesis and
increased risk of type II diabetes and other associated
disorders. Recently, it has been clear that iron influences
glucose metabolism even in the absence of excess iron.
The surveys have displayed that body iron stores are
involved in impaired glucose tolerance and gestational
diabetes, because iron compounds can affect insulin
synthesis and secretion, increased lipid oxidation and
subsequent reduction in glucose transport into the muscle
and elevation in gluconeogenesis, and as a result, eventuate
in insulin resistance in tissues.”'** Iron has a role in
diabetes development via three mechanisms: (1) decreased
insulin production, (2) increased resistance to insulin and
(3) causing liver dysfunction.™!

Body mass index is another risk factor for the development
of gestational diabetes; this indicator has been significantly
higher in women with GMD than healthy pregnant women
(P < 0.000), and for per-unit increase in BMI, the risk of
gestational diabetes even after neutralizing effect of ferritin
was significantly increased by 1 percent, which is consistent
with other studies.’**¥ Wrede ¢7 a/. also reported that serum
ferritin is significantly increased in men and women with
a BMI >25 kg/m?.P

Regarding the study findings and in comparison with
similar researches, it seems that routine administration
of iron supplements to all pregnant women needs more
investigation, since a significant relationship has been found
between diabetes and increased serum ferritin level.
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