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ABSTRACT

Aim: Gestational diabetes mellitus (GDM) is one of the most important
metabolic disorder associated with adverse pregnancy outcome and ma-
ternal-fetal mortality and morbidity. Impaired glucose tolerance (IGT) is
also a predictor for poor pregnancy outcome. The aim of the study is to
demonstrate the correlation between iron, iron binding capacity (IBC),
hemoglobin (Hb) and ferritin levels and IGT.

Material And Methods: This retrospective study was performed among
100 patients (IGT group:50, Normal OGTT group:50) who were admitted
to University of Health Sciences Dr. Zekai Tahir Burak Woman's Health,
Education and Research Hospital, attended to the first antenatal visit at
6-11 weeks of gestation, and were applied with two step OGTT between
24-28 weeks of gestation. First trimester serum Hb, ferritin, iron, IBC and
OGTT results have been evaluated and compared between two groups.

Results: The serum levels of iron, IBC and ferritin have found no sig-
nificantly different between two groups (P<0.05) while Hb levels are
significantly high in IGT group (13.38+1.02 mg/dl vs. 12.72+1.03 mg/
dl; P=0.015)

Conclusion: Hb levels are found to be significantly higher in IGT group
therefore; routine iron supplementation for pregnant women should be
individualized regarding the first trimester Hb levels.

Keywords: Gestational diabetes, impaired glucose tolerance, ferritin, he-
moglobin.

INTRODUCTION

Gestational diabetes (GDM) is genarally defined as glucose intolerance of
different levels of severity which first detected in the pregnancy (1). Accor-
ding to the datas of American Diabetes Association(ADA), it is determined
and complicated 7% of all the pregnancies in the world (1). The prevelance
of GDM depends on several charcteristics of the population such as diet,
lifestyle, individual pregnancy factors, ethnicity, obesity, familly history and
genetics (2).
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Amac: Gestasyonel diabetes mellitus (GDM), koti gebelik sonuglar ve
maternal ve fetal mortalite ile iligkili ciddi bir metabolik bozukluktur. Bo-
zulmus glikoz toleransi (BGT) de ketii gebelik sonuglarini éngéren dnemli

bir parametredir. Galismamizin amaci demir, demir baglama kapasitesi
(DBK), hb ve ferritin seviyeleri ile BGT arasindaki iliskiyi ortaya koymaktrr.

Gerec ve Yontemler: Bu retrospektif calisma Dr Zekai Tahir Burak Kadin
Saghgi Egitim ve Arastirma Hastanesi'ne bagvuran, ilk antenatal takiple-
rine 6-11 haftalar arasinda gelen ve 24-28 haftalar arasinda 2 basamakl
OGTT uygulanan toplam 100 hasta ile yapilimistir (BGT:50 hasta, Normal
OGTT:50 hasta). ik trimester hemoglobin (hb), ferritin, demir, demir bag-
lama kapasitesi (DBK) ve OGTT sonuglari iki grup arasinda karsilastiril-
migtir.

Bulgular: Demir, DBK ve ferritin seviyeleri iki grup arasinda istatistiksel
olarak farkli bulunmamigtir (P<0.05). Hb seviyesi ise BGT grubunda
anlaml olarak yiiksek saptanmigtir (13.38+1.02 mg/dl vs. 12.72+1.03
mg/dl; P=0.015)

Sonug: Hb seviyeleri BGT grubunda anlamli oranda yiiksek saptanmigtir.
Bu sebeple gebelikte rutin demir takviyesi ilk trimester hb seviyeleri de
g0z oniinde bulundurularak bireysellestirilmelidir.

Anahtar Kelimeler: Gestasyonel diyabet, bozulmug glukoz toleransi, fer-
ritin, hemoglobin

Pregnancies complicated with GDM have increased risk of maternal and
fetal complications as the risk of cesarean operation and operative vaginal
delivery, macrosomia, shoulder dystocia, neonatal hypoglycemia and hyper-
bilirubinemia, increased risk of developing type 2 DM in the future for both
mother and fetus and severe pregnancy complications such as preeclampsia,
polyhydramnios, and stillbirth (3-5).

National Diabetes Data Group (NDDG) handled the pregnant women as two
categories: normal glucose tolerance and GDM while WHO describes an
intermediate group named IGT (6,7). A recent prospective cohort study of
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3637 women has demonstrated an increase on adverse pregnancy outco-
mes including the patients with IGT (8). Altough there are conflicting datas
on the effect of IGT on pregnancy outcome, there are distinct evidences for
increasing risk of developing future DM (9). All the abnormal glucose metabo-
lism defined in pregnancy should be thought as GDM according to the WHO
recommendations (10).

Routine antenatal screening for GDM is usually performed at 24-28 weeks
of gestation, although it is considerable to screen the high risk population in
the first antenatal visit to catch up the missing undiagnosed diabetes mellitus.
Even though there are several studies, guidelines and recommendations focu-
sing on the diagnosis and management of glucose metabolism abnormalities,
there is still lack of consensus on the management between the observers.
Especially the part of diagnose of GDM and management of impaired glucose
levels in the absence of GDM is still debated (11).

Anemia in the pregnancy is an important health problem associated with
adverse pregnancy outcome and still preserves the reputation of being seen
more than 20% of the population in the 80% of the countries. Although there is
a tendency of physiologic anemia in the pregnancy, it should be distinguished
from iron deficiency which may require appropriate treatment and related to
severe health problems(12). The definition of the anemia is also controversial.
It is defined as the Hb levels<110 g/l antenatally and <100g/l postnatally
by World Health Organization(WHQ) while the British Comitee for Standarts
in Heamatology guidelines emphasizes trimester related cutoff values by
keeping in mind the physiologic haemedulution (<11.0 mg/dl in the first
trimester, <10.5 mg/dl in the second and third trimesters and <10.0 mg/dl in
the postpartum period) (13).

Untreated anemia in the pregnancy has an important effect on mother’s daily
wellbeing by causing unwanted symptoms such as fatigue, headaches, palpi-
tations, dizziness and decreased energy(14). It is also found to be associated
with preterm birth, placental abruption, postpartum hemorrhage, infection,
eclampsia, obstructed labor and maternal death(15, 16). The studies have de-
monstrated a strong correlation between anemia and neonatal complications.
Premature birth, low birth weight, decreased school success and 1Q levels are
the major findings in the neonates of anemic mothers (17).

Iron status and the iron intake during the pregnancy is considered to be as-
sociated gestational diabetes mellitus development in several studies (18,19).
This study has been conducted to determine correlation between Hemoglobin
(Hb )levels, iron status, iron binding capacity (IBC), ferritin levels and impaired
glucose tolerance (IGT) and GDM.

MATERIAL AND METHODS

This retrospective study based on patients’ records which was held in the
Department of Obstetrics and Gynecology of Zekai Tahir Burak Woman’s He-
alth, Training and Research Hospital in Ankara, Turkey between January-April
2010. The institutional review board approved the study. Exclusion criteria
included a diagnosis of chronic disease before conception (diabetes, hy-
pertension, thyroid dysfunction, uncontrolled endocrine illness, or abnormal
renal function), fasting plasma glucose levels exceeding 126 mg/dL ora 2 h
postprandial or OGTT value exceeding 200 mg/dL at gestational week 24-28,
history of a positive glucose tolerance test in the first trimester.

The patients who attended to the first antenatal visit at 6-11 weeks of gesta-
tion, had all the antenatal visits regularly and were applied with two step oral
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glucose tolerance test (OGTT) between 24-28 weeks were included the study.
A positive 50 g GCT was defined as a glucose level of at least 140 mg/dL 1 h
after glucose challenge. Women who had a positive 50 g GCT were advised
to follow a normal diet 3 days before the 100 g oral glucose tolerance test
(OGTT). GDM was diagnosed if there were two or more abnormal values on
a 100 g OGTT performed according to the criteria identified by Carpenter and
Coustan (FPG: 95 mg/dL, 1sth: 180 mg/dL, 2h: 155 mg/dL, 3“h: 140 mg/
dL) [20]. IGT is defined as increase of single value of 100 gr OGTT. Controls
were defined as pregnant women with a negative 50 g GCT (1sth < 140 mg/
dL)(10). Demographic characteristics including age, parity, and first trimester
serum Hb, ferritin, iron, IBC and OGTT results were noted.

Study group (IGT group) compared to control group (normal OGTT) in terms
of Hb, ferritin, iron and IBC.

SPSS (Statistical Package for the Social Sciences) version 21.0 was used fort
he statistical calculations. The data were presented with the number of pa-
tients and percentage and defined by mean = standart deviation and median
(minimum-maximum). Numbers and percentages were used as descriptive
statistical methods in evaluating the data. The relationship between the group
variables was analyzed by chi-square analysis, and the t-test was performed
to determine whether the two groups’ variable differed according to the conti-
nuous variable. The findings were assessed at the 5% significance level in the
95% confidence interval.

RESULTS

The demographic characteristics and laboratory outcomes of the groups are
shown in Table 1.

Table 1: Demographic characteristics and labotory outcomes of the groups

IGT group Normal OGTT P

group
Variables n=>50 n=50
Age (years) / Mean+SD 29.75+591 |27.59+5.95 |0.169
Parity / Median (Min-Max) | 1(0-3) 1(0-2) 0.350
Gestational week / Median
(Min-Max) 7(6-11) 7(6-11) 0.233
Iron (ug/dL ) / Median=SD | 92.07+34.67 |83.69+34.86 |0.357
Iron Binding Capacity
(ug/dL) / Median=SD 228+57 246+53 0.232
Ferritin (ug/L) / Mean=SD | 34.84+29.72 |31.79+20.83 |0.752
Hemoglobin (mg/dl)
Mean=SD 13.38+1.02 |12.72+1.03 |0.015

There were no statistically significant differences between groups in terms of
age, parity, gestational week, levels of iron, ferritin, and IBC (P > 0.05).

The Hb levels of IGT group were found to be significantly higher than normal
OGTT group (13.38=1.02 mg/dl vs. 12.72+1.03 mg/dl; P=0.015).

DISCUSSION

In the present study, we evaluated the correlation between iron, IBC, Hb and
ferritin levels and IGT. We found that serum Hb levels are significantly high in



pregnant women with IGT.

Iron is an essential part of metabolic functions including oxygenation, glucose
homeostasis and cellular functions (20). Iron deficiency is an important he-
alth problem among the pregnant women and the recommends of the WHO
emphasize the supplementation of iron (daily 30-60 mg) to be able to prevent
iron deficiency anemia in the pregnancy which can lead inadequate fetal iron
status. Increasing need of iron to supply physiological expansion of blood
volume, requirements of the fetus, and placenta are the major considerations
for replacement (21).

GDM is associated several risks for both mother and fetus in the pregnancy
and postpartum period. Although there are conflicting datas for the endogenous
and exogenous (supplemental) use of iron, there are strong evidences for the
relation of GDM and increasing iron levels (22). Daily supplementation of iron
especially with vitamin C combination induces the free oxygen radical produ-
ction, lipit membrane detriment and carsinogenesis. Iron directly plays role in
GDM by effecting the insulin secretion, inducing the lipit oxidation, decreasing
the muscular glucose uptake and enhancing the gluconeogenesis (23, 24).

In a meta-analysis of the studies published in 2018 have shown the clear
positive correlation between serum iron levels and GDM(25). Animal studies
have also supported the postulates of impaired glucose tolerance by iron
supplementation while the glucose tolerance was improved by iron restriction
or chelation(26). Human studies have also demonstrated clinical improve-
ment in insulin sensitivity by reducing the iron levels with blood donations,
phlebotomy and iron chelators (27).

Lao et al. has found no significant difference between the patients with IGT
and control group in terms of serum iron and IBC while the serum ferritin
levels were significantly higher in IGT group (28). We demonstrated no signi-
ficant difference of serum iron and IBC between groups correlatively without
regarding the other risk factors such as body mass index (BMI), race and
ethnicity.

Ferritin is @ marker demonstrating the total iron stores and also be assigned
as acute phase reactant (APR) in inflammatory processes. Although there
are comprehensive studies for the connection of increasing levels of ferritin
and presence of GDM and IGT, it can be postulated that the increasing level of
ferritin is due to the inflammatory process in diabetic women. This correlation
can be described with the positive correlation between diabetes and C-rea-
ctive protein (CRP) and hepcidin levels who are also inflammatory markers
(29-32). Amiri et al. has found that 2.4 fold increasing risk for GDM with
ferritin levels >80 ng/ml while low ferritin levels (less than <20 ng/ml) reduce
the risk 82%(33). In our study the levels of ferritin varied between 31-34 ng/ml
and no significant difference has been detected. The ferritin levels >80 ng/dl
was found in four patients: three of the patiens with IGT, and one with normal
OGTT. This result can be explained with the inadequate number of the patients
evaluated in the study.

The increasing levels of Hb has been defined to be associated with IGT in our
study (P=0.015). Hb concentration is effected by hemodilution especially
after the first trimester of the pregnancy as we evaluated the first trimester
Hb levels excluding the physiologic dilution. This study had some limitations.
First, our study was retrospective design and number case of study was
small. Second, increasing levels of Hb can be a result of iron overload, smo-
king status and high altitude which are not examined in our study. Kataria et
al. has also demonstrated that increasing Hb levels is associated with GDM
correlatively to our study (25).
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In conclusion, regarding the results of our study and correlatively with si-
milar researches, routing antenatal use of iron supplementation needs to be
evaluated with comprehensive studies, since the strong evidences supported
by studies have shown the correlation between iron and GDM development.

REFERENCES

1. American Diabetes A. Standards of medical care in diabetes--2010. Dia-
betes Care. 2010;33 Suppl 1:511-61.

2. Ferrara A. Increasing prevalence of gestational diabetes mellitus: a public
health perspective. Diabetes Care. 2007;30 Suppl 2:5141-6.

3. Catalano PM, Ehrenberg HM. The short- and long-term implica-
tions of maternal obesity on the mother and her offspring. BJOG.
2006;113(10):1126-33.

4. Cheng YW, Block-Kurbisch I, Caughey AB. Carpenter-Coustan criteria
compared with the national diabetes data group thresholds for gestational
diabetes mellitus. Obstet Gynecol. 2009;114(2 Pt 1):326-32.

5. Malcolm J. Through the looking glass: gestational diabetes as a predic-
tor of maternal and offspring long-term health. Diabetes Metab Res Rev.
2012;28(4):307-11.

6. Group NDD. Classification and diagnosis of diabetes mellitus and other
categories of glucose intolerance. Diabetes. 1979;28(12):1039-57.

7. Organization WH. Diabetes mellitus, report of a WHO Study Group. Gene-
va: WHO 1985. World Health Orgnization, Technical report series. (727).

8. Sermer M, Naylor CD, Gare DJ, Kenshole AB, Ritchie J, Farine D, et al.
Impact of increasing carbohydrate intolerance on maternal-fetal outco-
mes in 3637 women without gestational diabetes: the Toronto Tri-Hospital
Gestational Diabetes Project. Am J Obstet Gynecol 1995;173(1):146-56.

9. Santaguida PL, Balion C, Hunt D, Morrison K, Gerstein H, Raina P, et al. Di-
agnosis, prognosis, and treatment of impaired glucose tolerance and im-
paired fasting glucose. Evid Rep Technol Assess (Summ). 2005;128(1).

10. Alberti KG, Zimmet PZ. Definition, diagnosis and classification of diabe-
tes mellitus and its complications. Part 1: diagnosis and classification of
diabetes mellitus provisional report of a WHO consultation. Diabet Med.
1998;15(7):539-53.

11. Tiwary GS, Bharadwaj MK, Biswas M, Dey M. Evaluation of the incidence
and outcome of gestational diabetes mellitus using the current internatio-
nal consensus guidelines for diagnosing hyperglycaemia in pregnancy. J
Reprod Contracept Obstet Gynecol 2017;5(3):663-8.

12. Goonewardene M, Shehata M, Hamad A. Anaemia in pregnancy. Best
Pract Res Clin Obstet Gynaecol. 2012;26(1):3-24.

13. Pavord S, Myers B, Robinson S, Allard S, Strong J, Oppenheimer C, et al.
UK guidelines on the management of iron deficiency in pregnancy. Br J
Haematol. 2012;156(5):588-600.

14. Annamraju H, Pavord S. Anaemia in pregnancy. Br J Hosp Med (Lond).
2016;77(10):584-8.

15. Scholl TO, Hediger ML, Fischer RL, Shearer JW. Anemia vs iron deficien-
cy: increased risk of preterm delivery in a prospective study. Am J Clin
Nutr 1992;55(5):985-8.

16. Guidotti R. Anaemia in pregnancy in developing countries. BJOG: Int J
Obstet Gynecol 2000;107(4):437-8.

17. Viteri FE. The consequences of iron deficiency and anemia in pregnancy.
Nutrient regulation during pregnancy, lactation, and infant growth: Sprin-
ger; 1994. p. 127-39.

Jinekoloji - Obstetrik ve Neonatoloji Tip Dergisi 2018; Volume: 15, Sayi: 4, Sayfa: 175-178



178

18.

19.

20.

21.

22.

23.

24.

25.

26.

Jinekoloji - Obstetrik ve Neonatoloji Tip Dergisi 2018; Volume: 15, Say: 4, Sayfa: 175-178

SERT UY. ve ark.

Kataria Y, Wu Y, Horskjaer PH, Mandrup-Poulsen T, Ellervik C. Iron Status
and Gestational Diabetes-A Meta-Analysis. Nutrients. 2018;10(5).

Javadian P, Alimohamadi S, Gharedaghi MH, Hantoushzadeh S. Gestati-
onal diabetes mellitus and iron supplement; effects on pregnancy outco-
me. Acta Med Iran. 2014;52(5):385-9.

Abu-Ouf NM, Jan MM. The impact of maternal iron deficiency and iron
deficiency anemia on child's health. Saudi Med J. 2015;36(2):146-9.

McLean E, Cogswell M, Egli I, Wojdyla D, de Benoist B. Worldwide pre-
valence of anaemia, WHO Vitamin and Mineral Nutrition Information Sys-
tem, 1993-2005. Public Health Nutr. 2009;12(4):444-54.

Zhang C, Rawal S. Dietary iron intake, iron status, and gestational diabe-
tes. Am J Clin Nutr. 2017;106(Suppl 6):1672S-80S.

Lachili B, Hininger I, Faure H, Arnaud J, Richard M-J, Favier A, et al.
Increased lipid peroxidation in pregnant women after iron and vitamin C
supplementation. Biol Trace Elem Res 2001;83(2):103-10.

DeFronzo RA. The triumvirate: p-cell, muscle, liver: a collusion respon-
sible for NIDDM. Diabetes. 1988;37(6):667-87.

Kataria Y, Wu Y, Horskjeer PdH, Mandrup-Poulsen T, Ellervik C. Iron Status
and Gestational Diabetes—A Meta-Analysis. Nutrients. 2018;10(5):621.

Cooksey RC, Jones D, Gabrielsen S, Huang J, Simcox JA, Luo B, et al.
Dietary iron restriction or iron chelation protects from diabetes and loss
of B-cell function in the obese (ob/ob lep—/—) mouse. Am J Physiol
Endocrinol Metab 2010;298(6):E1236-E43.

27.

28.

29.

30.

31.

32.

33.

Rajpathak SN, Crandall JP, Wylie-Rosett J, Kabat GC, Rohan TE, Hu FB.
The role of iron in type 2 diabetes in humans. Biochim Biophys Acta Gen
Subj 2009;1790(7):671-81.

Lao TT, Tam K-FF. Maternal serum ferritin and gestational impaired gluco-
se tolerance. Diabetes Care. 1997;20(9):1368-9.

Fernandez-Cao JC, Aranda N, Ribot B, Tous M, Arija V. Elevated iron sta-
tus and risk of gestational diabetes mellitus: A systematic review and
meta-analysis. Matern Child Nutr. 2017;13(4).

Fu S, Li F, Zhou J, Liu Z. The Relationship Between Body Iron Status, Iron
Intake And Gestational Diabetes: A Systematic Review and Meta-Analy-
sis. Medicine (Baltimore). 2016;95(2):62383.

Li X, Lu X. Study on correlation between C-reactive protein and gestatio-
nal diabetes mellitus. JNMU 2007;21(6):382-5.

Derbent AU, Simavli SA, Kaygusuz I, Gumus II, Yilmaz S, Yildinm M, et al.
Serum hepcidin is associated with parameters of glucose metabolism in
women with gestational diabetes mellitus. J Matern Fetal Neonatal Med
2013;26(11):1112-5.

Amiri FN, Basirat Z, Omidvar S, Sharbatdaran M, Tilaki KH, Pouramir M.
Comparison of the serum iron, ferritin levels and total iron-binding capa-
city between pregnant women with and without gestational diabetes. J
Nat Sci Biol Med 2013;4(2):302.



