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Abstract 

[Objective]: Hepcidin and ferroportin are major regulators of iron metabolism. 

Although many previous studies have shown that iron metabolism disorder may 

contribute to the pathogenesis of Type 2 diabetes mellitus (DM), few studies have 

investigated hepcidin and other iron metabolism parameters in women with 

gestational diabetes mellitus (GDM). The purpose of this study was to determine the 

relationship between hepcidin, ferroportin and GDM. [Methods]: A case-control study 

was conducted in 85 women with GDM and 85 women without GDM (controls) who 

received regular prenatal care at the Obstetrics and Gynecology Hospital of Fudan 

University from October 2015 to May 2016. Serum ferritin (SF), hepcidin (Hepc), 

ferroportin (FPN), and soluble transferrin receptor (sTfR), as well as other clinical 

parameters, were detected and analyzed in all groups. [Results]: The levels of fasting 

plasma glucose (FPG), oral glucose tolerance test OGTT 1-h and 2-h plasma glucose, 

glycated hemoglobin (HbA1c), SF, Hepc, FPN and sTfR as well as homeostasis 

model assessment for insulin resistance (HOMA-IR) were significantly higher in the 

GDM group (P<0.05 for all). In the GDM group, FPN was positively correlated 

plasma glucose 1 h and 2 h In the control group, only sTfR was positively correlated 

with plasma glucose 1 h. There was no correlation between the iron metabolism 

indicators in both GDM and control group.[Conclusion]: Hepc, FPN sTfR and SF 

levels were higher in the GDM group. Elevated Hepc and FPN are associated with 

glucose metabolism disorder and may play an important role in GDM. 
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1. Introduction 

 

Gestational diabetes mellitus (GDM) is a common complication of pregnancy 
that can adversely affect both maternal and fetal health. Feig et al.[1], for instance, 
investigated 659,164 women from 1995 to 2001 who did not have prepregnancy 
diabetes and found a postpregnancy incidence of Type 2 diabetes in pregnant women 
with GDM of 18.9%, while the corresponding incidence among pregnant women who 
had normal plasma glucose was only 1.95%. After controlling for mixed factors such 
as age, parity, and income status, GDM was the most significant risk factor for 
developing postpartum diabetes mellitus. Kim et al.[2]reviewed studies that examined 
women 6 weeks to 28 years postpartum and noted that the incidence of type 2 
diabetes in women with prior GDM ranged from 2.6% to more than 70%. Moreover, 
children of mothers who had GDM are also more prone to develop type 2 diabetes. In 
recent years, the incidence of GDM has increased; in China, incidence estimates range 
from approximately 13% to 20.9% [3, 4].  

Iron plays an essential role in human health and survival. The World Health 

Organization (WHO) recommends that pregnant women receive 30-60 mg of iron 

daily to improve pregnancy outcomes, especially for pregnant women with iron 

deficiency anemia (IDA) [5]. In recent years, however, studies have shown that iron, 

as a strong oxidant and transitional metal, may affect glucose metabolism and can be 

harmful to maternal and fetal health through the Fenton reaction (Fe2++H2O2→Fe3+ 

+OH-+HO-) [6,7, 8]. 

Hepcidin (Hepc) is a 25-amino-acid peptide secreted by the liver that is 

metabolized by the kidney and is considered a “core factor” in regulating iron 

metabolism[9] . Ferroportin (FPN)—the only iron exporter protein known to exist in 

mammals, is a 62.5-kDa protein consisting of 12 transmembrane domains[10]. 

Studies [9] [11, 12]have shown that mice lacking the hepcidin gene as well as 

humans with hepcidin gene mutations suffer severe iron overload or other related 

diseases. Ganz T et al.[13] found that inactivation of the FPN gene was associated 

with severe iron overload in the liver and the pancreas. The ferroportin-hepcidin axis 

plays an important role in iron homeostasis.  

Soluble transferrin receptor (sTfR) is a single-polypeptide chain of 85 kDa 

produced by the proteolytic cleavage of the 190 kDa transmembrane transferrin 

receptor, a glycoprotein primarily expressed in cells requiring iron. sTfR is commonly 

used for the clinical determination of iron status, which is less affected by 

inflammation. Although recent data showed that serum ferritin levels were positively 

and independently associated with insulin resistance (IR)[13], Ambroszkiewicz J et 

al[15] found that soluble transferrin receptor, which was less affected by 

inflammation, was a better marker of iron status than other parameters.Many previous 

studies have shown that iron metabolism disorder may contribute to the pathogenesis 

of GDM. However, the correlation between iron metabolism and GDM is not well 

known. For this reason, the purpose of this study was to determine the relationship 

between hepcidin, ferroportin, ferritin, soluble transferrin receptor and gestational 

diabetes mellitus. 



 

2. Patients and Methods 

 

2.1.  Written informed consent was obtained from subjects after discussion in the 
Chinese language, aided by written information. Ethical approval was granted by the 
medical ethics committee of the Obstetrics and Gynecology Hospital of Fudan University.For 
GDM diagnostic criteria, we utilized the standards studied and recommended by the 
International Association of Diabetes and Pregnancy Study Group (IADPSG) in 
2010[16]. Women who had other complications during follow-up were excluded. 

Oral glucose tolerance test (OGTT): The presence of at least one of the following 
abnormal values was sufficient to diagnose GDM: plasma glucose ≥5.1 mmol/L after 
an overnight fast; plasma glucose level ≥10.0 mmol/L 1 h after consuming 75 g of 
glucose; or plasma glucose level ≥8.5 mmol/L 2 h after consuming 75 g of glucose. 
 

2.2.Patients 

 

This case-control study was conducted at the Obstetrics and Gynecology 
Hospital of Fudan University from October 2015 to May 2016. Eighty-five women 
with GDM (GDM group) and 85 women without GDM (control group) were selected. 
The inclusion criteria were the following: 1) singleton pregnancy; 2) absence of any 
other health complications; 3) 25-35 years of age; 4) 24-28 gestational weeks; and 5) 
Han nationality.  

 

2.3. Research Methods 

 

2.3.1. Clinical characteristics: We collected information including participant age, 
height, weight, body mass index (BMI), OGTT results and glycated hemoglobin 
(HbA1c). 

2.3.2. Collection of plasma samples: We collected plasma samples from 
participants in both groups during the late second trimester (24-28 weeks). Whole 
blood was collected in EDTA tubes. To obtain plasma, the blood was centrifuged at 
1000×g for 10 min at 4℃. Plasma specimens were stored at -80°C until further 
analysis. 

2.3.3. Test methods: Ferroportin, hepcidin, soluble transferrin receptor and insulin 
(INS) levels were determined using ELISA kits (CUSABIO, Wuhan, China). The 
intra- and interassay CVs were all less than 10%. Serum ferritin was determined by 
chemiluminescent microparticle immunoassay (ARCHITECT-I2000, Hitachi, Tokyo, 
Japan). The intra- and interassay CVs were less than 5%. 

 

2.4. Insulin resistance (IR) evaluation indices: 
 

The homeostasis model assessment for insulin resistance (HOMA-IR) was used 
to evaluate IR. 

HOMA-IR=[Ins×fasting plasma glucose (FPG)]/22.5. 



 

2.5. Statistical Analysis 

 

Statistical analyses were performed using SPSS 22.0. The Shapiro-Wilk test was 
used to evaluate distributions for normality. For quantitative variables with normal 
distribution, ANOVA were used for between-group comparisons, and the results are 
expressed as the means±standard deviation (SD). Serum ferritin values failed the 
normality test; therefore, those data were described using median and interquartile 
range (25th–75th percentiles). The nonparametric chi-square test was used to compare 
differences between two groups. Correlation analysis was conducted for the GDM 
group and the control group separately. Serum ferritin did not have a normal 
distribution, and Spearman correlation analysis was used. Pearson correlations were 
used to analyze Hepc, FPN, sTfR and glucose metabolism parameters. Statistical 
significance was defined as P<0.05. 

 

3. Results 

 

3.1. At 24-28 weeks, the values for Hepc, sTfR, SF, FPN, HOMA-IR, FPG, OGTT-1 

h and 2 h plasma glucose and HbA1c were all significantly higher for participants in 

the GDM group than those in the normal group (P<0.05 for all). However, as shown 

in Table 1, the serum insulin levels in the two groups were similar (P=0.077). 

 

Table 1. Clinical and biochemical characteristics of women with and without GDM 

 

Parameter 
 

GDM (n=85) Control (n=85) p-value  

Age (years) 31.36±4.66 30.89±4.28 0.291 

Weight (kg) 61.16±9.59 54.99±7.65 0.059 

BMI (kg/m2) 22.86±3.17 20.39±3.66 0.724 

Height (m) 1.63±0.52 1.63±0.45 0.102 

FPG (mmol/L) 5.00±0.06 4.34±0.03 0.000* 

OGTT-1 h (mmol/L) 10.05±1.51 6.96±1.36 0.000* 

OGTT-2 h (mmol/L) 8.42±1.43 6.11±0.96 0.010* 

HbA1c (%) 4.94±0.43 4.62±0.29 0.016* 

Ins (ug/L) 4.18±0.31 3.50±0.24 0.077 

HOMA-IR 0.95±0.07 0.69±0.05 0.006* 

SF (ng/mL) 24.90(14.15  41.55) 19.60(10.45  30.55) 0.025* 

Hepc (ug/ml) 158.96±22.49 135.13±18.24 0.023* 



FPN (ng/L) 564.61±80.96 467.09±62.41 0.007* 

sTfR (ug/mL) 21.36±3.11 17.44±2.30 0.003* 

The results are presented as means±standard deviations for normally distributed data 

or medians and interquartile ranges (25th-75th) for nonnormally distributed variables. 

* Compared with the normal group, P<0.05. BMI—body mass index, FPG—fasting 

plasma glucose, OGTT-1 h—glucose level 1 h after 75 g glucose intake, OGTT-2 

h—glucose level 2 h after 75 g glucose intake, HbA1c – glycated hemoglobin, 

Ins—insulin, HOMA-IR—homeostasis model assessment for insulin resistance, 

SF—serum ferritin, FPN—ferroportin, Hepc—hepcidin, and sTfR—soluble 

transferrin receptor. 

 

3.2. A correlation analysis of the relationship between iron and glucose 
metabolism was conducted. In the women with GDM, FPN was positively correlated 
with OGTT-1 h and OGTT-2 h. SF, Hepc and sTfR were not correlated with any 
glucose metabolism parameter. In the control group, only sTfR was positively 
correlated with OGTT-1 h. SF, Hepc and FPN were not correlated with any glucose 
metabolism parameter. Besides, there was no correlation between the iron metabolism 
indicators in both GDM and control group. (see Table 2 and Table 3). 

 

Table 2. Correlation analyses of iron metabolism and glucose metabolism in 
women with GDM 

 

Table 3. Correlation analyses of iron metabolism and glucose metabolism in women 
without GDM 

 

Parameter 
 

SF Hepc FPN sTfR 

r p  r p  r p r p 

FPG 0.136 0.268 -0.179 0.145 0.172 0.160 0.170 0.165 

OGTT-1 h 0.032 0.795 -0.009 0.954 0.249 0.040* -0.135 0.273 

OGTT-2 h -0.066 0.593 -0.102 0.409 0.400 0.001* 0.177 0.124 

HbA1c 0.178 0.145 -0.030 0.808 0.198 0.108 -0.067 0.587 

HOMA-IR 0.083 0.500 0.043 0.730 -0.044 0.720 0.072 0.558 

Ins -0.141 0.253 0.081 0.509 -0.043 0.729 -0.043 0.727 

SF 1 / -.0.026 0.812 -0.091 0.407 0.042 0.700 

Hepc -0.026 0.812 1 / -0.020 0.858 -0.176 0.108 

FPN -0.091 0.407 -0.020 0.858 1 / 0.153 0.163 

sTfR 0.042 0.700 -0.176 0.108 0.153 0.163 1 / 

Parameter 
 

SF Hepc FPN sTfR 

r p  r p  r p r p 

FPG -0.104 0.390 -0.031 0.796 0.223 0.061 0.029 0.808 

OGTT-1 h 0.037 0.757 0.103 0.391 0.171 0.153 0.235 0.048* 



 

 

4. Discussion 

 

There was no significant difference in clinical characteristics between the two 

groups. At present, the pathogenesis of gestational diabetes mellitus is not completely 

clear, but the most widely accepted views involve insulin resistance and relative 

insulin deficiency [17, 18]. Consistent with this view, our findings showed that FPG, 

OGTT-1-hour and 2-hour plasma glucose and HOMA-IR in pregnant women with 

GDM were significantly higher than those values for women in the normal group. 

Ferritin, a key protein regulating iron metabolism, is an important clinical 
determinant of iron status [19-22]. Multiple experimental studies[7, 8, 23-26] have 
shown that serum ferritin levels are significantly higher in women with GDM than in 
women without GDM. Moreover, serum ferritin levels have been found to strongly 
correlate with levels of plasma glucose, insulin and HbA1c, and elevated ferritin is an 
independent risk factor for the development of GDM. In the present study, we also 

found that ferritin levels were significantly higher in the GDM group relative to the 

normal group. However, there was no correlation between SF and any glucose 
metabolism parameters in the two groups. Pharm et al[27]reported that serum ferritin 

levels were positively associated with HOMA-IR in men but not in women, even 

postmenopausal women. In a recent trial in Finland, no significant difference was 

observed in the combined incidence of GDM between women who were advised to 

take routine iron supplementation (100 mg elemental Fe) and women who were not 

advised to take iron supplements unless they were anemic[28].  

It should be noted that SF is an acute-phase reactant that may increase as a result 

in the subclinical inflammation associated with GDM. sTfR, a soluble form of the 
membrane receptor derived from its proteolysis, is negatively correlated with 
intracellular iron levels and less affected by inflammation. However, in this study, the 
sTfR level was higher in the GDM group. We also found that sTfR level was not 
correlated with any glucose metabolism parameters except OGTT-1 hour plasma 
glucose in the normal group. Abou-Shousha S et al.[29] and Anqiang Yang[30] found 
that elevated sTfR levels were associated with increased diabetes risk. Rajpathak SN 
et al [31]observed a significant positive association between sTfR levels and diabetes 
mellitus (DM) risk; after adjusting SF and CRP, the association was still present. 

They thought the possible reason was that sTfR levels may be associated with 

increased DM risk through a mechanism unrelated to iron overload. Other studies also 

OGTT-2 h -0.021 0.221 0.156 0.193 -0.029 0.813 0.072 0.551 

HbA1c 0.041 0.736 0.021 0.861 -0.090 0.457 -0.028 0.815 

HOMA-IR 0.081 0.504 0.112 0.350 0.091 0.451 -0.076 0.531 

Ins -0.141 0.253 0.032 0.793 0.076 0.530 -0.007 0.956 

SF 1 / -0.196 0.123 0.050 0.647 0.013 0.909 

Hepc -0.196 0.123 1 / 0.353 0.001* 0.039 0.722 

FPN 0.050 0.647 0.353 0.001* 1 / 0.100 0.364 

sTfR 0.013 0.909 0.039 0.722 0.100 0.364 1 / 

http://211.136.105.155/s/gov/nih/nlm/ncbi/www/G.https/pubmed/?term=Abou-Shousha%20S%5bAuthor%5d&cauthor=true&cauthor_uid=17974147
http://211.136.105.155/s/gov/nih/nlm/ncbi/www/G.https/pubmed/?term=Rajpathak%20SN%5bAuthor%5d&cauthor=true&cauthor_uid=19207293


indicated that hyperinsulinemia in states of insulin resistance may contribute to high 

circulating sTfR levels[32]. Katherine A. Bowers found that after adjustment for 

prepregnancy BMI, sTfR was not associated with GDM risk[33]. We thought that the 
sTfR and GDM relationship is complex, elevated sTfR level is the characteristic 
feature of functional iron deficiency, a situation defined by tissue iron deficiency 
despite adequate iron stores. Whether sTfR meaningfully captures the association 

between higher iron concentrations and GDM is currently unclear but worthy of 

further investigation. Maybe when SF present in excessive amounts, the concentration 
of various iron regulators changes, catalyzing several cellular reactions that result in 
the production of reactive oxygen species, and then insulin resistance. 

Hepcidin plays an important role in iron homeostasis, and FPN is the only known 

cellular iron exporter. The present study showed that serum Hep and FPN reflected 

functional iron status. Multiple studies have shown that in patients with diabetes, the 
concentration of hepcidin is significantly increased [24, 34, 35]. Martinelli et al. [36] 
found that the hepcidin level in patients with metabolic syndrome was higher than 
those in patients without metabolic syndrome, and these results were maintained after 
correcting for age and gender. An animal experiment constructed by Jingwen Wang et 
al.[37] found that serum ferritin, hepcidin and ferroportin levels all increased with 
increases in iron load in mice. Aydemir F et al. [38] found that when iron was 
overloaded, the levels of FPN, mRNA and xenogeneic nuclear RNA also increased, as 
did the level of transcription. In the present study, we also found that Hepc and FPN 
levels were significantly higher in the GDM group relative to the normal group. 
However, in the women with GDM, only FPN was positively correlated with OGTT-2 
h plasma glucose, and there was no correlation between Hepc and FPN and any 
glucose metabolism parameters in the control group. Guo X et al.[39] also found that 

hepcidin was not associated with insulin resistance. Interestingly, studies have shown 

both positive[40] and negative [41, 42] associations between hepcidin and insulin 

resistance.  

Interestingly, there was no correlation between iron metabolism parameters in 
both GDM and control group. We know Hepc is considered a”negative regulator”of 
ferritin. Aeberli et al. [43] and Nazif et al. [44] found higher concentrations of sTfR 
associated with higher values of hepcidin. Some studies have even shown that iron 
plays an independent role in the transcription of FPN, but the results have varied in 
different cell types[45]. In the present study, although Hepc was negatively correlated 
with ferritiin, there was no significant difference. The probable cause is that women 
with abnormal glucose metabolism may have iron metabolism disorder caused by iron 
overload. Rametta R et al [45]also found that dysmetabolic iron overload syndrome 

may be associated with a a hepcidin resistance state. Besides, Hepc, FPN, SF, and 
sTfR levels are affected by various factors, such as obesity, inflammation, 
erythropoiesis, and hypoxia. Due to experimental limitations, we did not test these 
parameters. Further studies are required to better characterize the molecular 
mechanism underpinning this new iron metabolism alteration. 

It should be noted that there was no correlation between insulin, HOMA-IR and 
any iron metabolism parameters in two groups. However, several studies have shown 



that markers of insulin resistance are strongly related to markers of iron metabolism. 
Marleen M. J. et al.[47] found over a 7-year follow-up period that iron metabolism 
and related factors may contribute to IR in muscle, liver, and adipocytes, eventually 
leading to impaired glucose metabolism. Mi-Ra Cho et al.[14]reported that serum 
ferritin levels were positively and independently associated with IR. However, Bonfils 
L et al.[48] observed an association between ferritin and decreased insulin sensitivity 
among men and older women, but not among younger women. Arija et al.[49] also 
did not find a significant correlation between sTfR and HOMA-IR. Therefore, we 
think that the association between iron metabolism and glucose metabolism is 
affected by multiple factors. 

Our study has several limitations. First, the findings were obtained from a 
relatively small sample of subjects. In addition, ferritin, ferroportin and hepcidin 
levels are affected by multiple factors, such as C-reactive protein, hypoxia and other 
inflammatory media, and we were unable to measure the inflammatory media. 
Additionally, in this study, the use of multivitamins or nutritional supplements was not 
assessed. Another limitation is the lack of assay standardization for sTfR. 
 

5. Conclusion 

 

In summary, our study suggests that ferritin, sTfR, hepcidin and ferroportin were 

higher in the GDM group than in the control group. Elevated hepcidin and ferroportin 

are associated with glucose metabolism disorder in midpregnancy. Women with 

abnormal glucose metabolism may have iron metabolism disorder caused by iron 

overload, which play an important role in GDM. 
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