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Abstract. Expression of miR-409-5p in gestational diabetes 
mellitus (GDM) and its relationship with insulin resistance 
were explore. One hundred and forty-nine pregnant women 
who underwent antenatal examination in Taizhou First 
People's Hospital were divided into a GDM group and a 
control group according to whether they had GDM or not. 
Serum miR-409-5p expression of the two groups was detected, 
and the levels of glycosylated hemoglobin (HbAlc) and other 
GDM-related biochemical indicators were measured. Fasting 
plasma glucose (FPG) was determined by glucose oxidase 
method, fasting insulin (FINS) was detected by radioim-
munoassay, and homeostasis model assessment of insulin 
resistance (HOMA-IR) was calculated. The relationship 
between miR-409-5p and other biochemical indicators and 
insulin resistance was analyzed, and logistic multivariate 
regression was employed to analyze the risk factors of 
GDM. miR-409-5p was highly expressed in the serum of 
GDM patients. HbAlc, FPG, FINS, and HOMA-IR in preg-
nant women in the GDM group were markedly higher than 
those in the control group. The serum miR-409-5p in GDM 
pregnant women showed a positive correlation with HbAlc, 
FPG, FINS, and HOMA-IR (P<0.05). The insulin resistance 
group presented remarkably higher serum miR-409-5p level 
than the non-insulin resistance group. Moreover, it was found 
that elevated miR-409-5p, FINS, and HOMA-IR were all 
independent risk factors for the onset of GDM. miR-409-5p 
is highly expressed in the serum of patients with GDM, and it 
is positively correlated with insulin resistance index of GDM 
patients, which may be a potential target for clinical diagnosis 
and treatment of GDM.

Introduction

Gestational diabetes mellitus (GDM), as one of the most 
frequent complications in pregnancy, is also one of the common 
threats to the life and safety of mothers and infants (1). It can 
easily lead to premature delivery, malformation and even 
miscarriage and dystocia of pregnant women (2). In recent 
years, the incidence of GDM has increased, which brings a 
heavy burden on families and society (3). However, except 
some studies (4,5) indicating that insulin resistance during 
pregnancy may trigger GDM, its pathogenesis remains poorly 
understood. The complex pathogenesis of GDM results in a 
lack of effective GDM screening markers during pregnancy, 
which is unfavorable for the diagnosis of GDM (6).

As a kind of non-coding micro-RNA, the post-transcriptional 
level of miRNA is closely related to the pathophysiological 
processes of many diseases (7). Studies (8,9) in recent years have 
shown that miRNA is one of the essential biological regulators 
in insulin resistance, and many miRNAs have been proved to be 
effective diagnostic markers for GDM. For example, a study (10) 
pointed out that miR-330-3p was upregulated in GDM and was 
related to the patient's insulin resistance. Other studies have 
further explored the role of miRNA in GDM. Some scholars (11) 
found that miR-494 protected the pancreatic β-cell function of 
GDM by targeting PTEN. Among them, miR-409-5p has been 
proven to play a role as an oncogene in a variety of tumors. For 
example, a study (12) found that miR-409-5p was up-regulated 
in breast cancer, and inhibiting its expression can significantly 
suppress the growth of breast cancer cells. While recent 
evidence (13) revealed that miR-409-5p is associated with the 
occurrence of diabetes. However, the relationship between 
miR-409-5p and GDM has not been studied yet.

Therefore in this study, we explored the expression of 
miR-409-5p in GDM and its relationship with insulin resis-
tance, so as to provide more possibilities for the clinical 
diagnosis and mechanism research of GDM.

Patients and methods

General information. A total of 149 pregnant women, 
including 76 patients with GDM (GDM group) and 73 normal 
pregnant women (control group), with an average age of 
27.02±3.17 years, who underwent antenatal examination in the 
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hospital from April 2015 to January 2017 were selected as the 
study participants. Inclusion criteria: The GDM group included 
patients who were diagnosed and met the diagnostic criteria 
of GDM (14). Glucose screening is currently recommended at 
24-28 weeks of gestation (15), so patients diagnosed during 
their pregnancy were included. Exclusion criteria: Patients 
with diabetes before pregnancy; patients with other complica-
tions during pregnancy; patients with multiple pregnancies; 
patients with malignant tumors; patients with severe infectious 
diseases; patients who had used glucocorticoids; patients with 
severe hepatic and renal dysfunction; patients who refused to 
participate in the study. The patients and their families agreed 
to participate in the study and signed an informed consent form. 
This study was approved by the Ethics Committee of Taizhou 
First People's Hospital (Taizhou, China) (TZFPHPH201503A), 
and conformed to the Declaration of Helsinki.

Detection of miR‑409‑5p expression by RT‑PCR. Fasting 
venous blood samples were taken from all the patients, centri-
fuged at 4˚C for 10 min at 1,500 x g, and the obtained serum 
(3 ml) was processed for detection. The total RNA in serum 
was extracted with TRIzol reagent (Thermo Fisher Scientific, 
Inc.), and its purity and concentration were detected by ultra-
violet spectrophotometer. Then 5 µg of the total RNA was 
taken for reverse transcription of cDNA according to the 
instructions of the reverse transcription kit (TransGen Biotech). 
The amplification system of miR-409-5p (PCR kit, 

TransGen Biotech) was as follows: cDNA: 1 µl, upstream and 
downstream primers (concentrations: 10 µmol/l): 0.4 µl each, 
2X TransTaq® Tip Green qPCR SuperMix: 10 µl, Passive 
Reference Dye (50X): 0.4 µl, and finally ddH2O was added to 
a total volume of 20 µl. Amplification conditions: PCR reac-
tion conditions: pre‑denaturation at 94˚C for 45 sec, 
denaturation at 94˚C for 10 sec, annealing at 60˚C for 45 sec, 
totaling 40 cycles. Three replicate wells were set for each 
sample and the experiment was performed three times. With 
U6 as the internal reference, 2-∆∆ct was employed to analyze the 
data. Primer sequences: miR-409-5p: F, 5'-AGGTTACCC 
GAGCAACTTTG-3', R, 5'-GTGTCGTGGAGTCGGCAA-3'; 
U6: F, 5'-GCTTCGGCAGCACATATACTAAAAAT-3', R, 
5'-CGCTTCACGAATTTGCGTGTCAT-3'.

Detection of other biochemical indicators. The plasma triac-
ylglycerol (TG), total cholesterol (TC), low-density lipoprotein 
cholesterol (LDL-C), and high-density lipoprotein choles-
terol (HDL-C) were detected by automatic standard routine 
enzymatic methods (Abbott Aeroset 2000, Abbott Corp.). 
The level of glycosylated hemoglobin (HbAlc) was deter-
mined by an automatic biochemical analyzer. Fasting plasma 
glucose (FPG) was measured by glucose oxidase method, 
and fasting insulin (FINS) was tested by radioimmunoassay. 
The homeostatic model assessment (HOMA) was calculated 
by the formulate of HOMA-insulin resistance (HOMA-IR) 
index (16) = (FBG x FINS)/22.5.

Table I. Patient information.

 GDM group Control group
Factors n=76 n=73 t/χ2 P-value

Age, years   0.001 0.970
  ≤27 45 (59.21) 43 (58.90)
  >27 31 (40.79) 30 (41.10)
Pre-pregnancy BMI, kg/m2   0.003 0.954
  ≤23 42 (55.26) 40 (54.79)
  >23 34 (44.74) 33 (45.21)
Educational level    0.001 0.975
  Below junior high school 21 (27.63) 20 (27.40)
  Junior high school or above 55 (72.37) 53 (72.60)
Place of residence   0.016 0.901
  Rural 32 (42.11) 30 (41.10)
  Urban 44 (57.89) 43 (58.90)
Gravidity, times   0.002 0.961
  ≤1 57 (75.00) 55 (75.34)
  >1 19 (25.00) 18 (24.66)
Gestational week of delivery 38.21±2.01 38.45±2.08 0.716  0.475
TC (mmol/l)   5.93±0.47   5.45±0.41 6.632 <0.001
TG (mmol/l)   2.81±0.54   1.97±0.32 11.49 <0.001
LDL-C (mmol/l)    2.74±0.48   2.63±0.43 1.471 0.143
HDL-C (mmol/l)   1.29±0.26   1.67±0.37 7.277 <0.001

GDM, gestational diabetes mellitus; BMI, body mass index; TC, total cholesterol; TG, triacylglycerol; LDL-C, low-density lipoprotein 
cholesterol; HDL-C, high-density lipoprotein cholesterol.
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Statistical methods. The experimental data in this study was 
statistically analyzed using SPSS 19.0. The counting data were 
verified by the chi‑square test, while the measurement data 
were expressed as mean ± standard deviation. The inter-group 
comparison was performed by the independent t-test. 
GraphPad Prism 6 software was adopted to draw the required 
illustrations of this experiment, and Pearson was employed for 
correlation analysis. Receiver operating characteristic (ROC) 
curve was used to analyze the diagnostic value of miR-409-5p 
in GDM. P<0.05 indicates a statistically significant difference.

Results

Patient information. There were no significant differences 
between the two groups in terms of age, body mass index 
(BMI) or gravidity (P>0.05), but there were differences in TG, 
TC, and HDL-C (P<0.001) (Table I).

Expression and diagnostic value of miR‑409‑5p in the 
two groups. The expression of serum miR-409-5p in the 
GDM group was (0.78±0.24), which was noticeably higher 
than (0.42±0.14) in the control group, and the difference was 
statistically significant (P<0.05). In addition, it was found that 
the the ROC curve of miR-409-5p in the diagnosis of GDM 
was 0.933, indicating a high diagnostic value (Fig. 1).

Comparison of other biochemical indicators between the two 
groups. We detected HbAlc, FPG and FINS of the two groups 
of pregnant women, and calculated HOMA-IR. The results 
showed that HbAlc, FPG, FINS and HOMA-IR in the GDM 
group were remarkably higher than those in the control group, 
with statistically significant differences (P<0.05) (Fig. 2).

Correlation of serum miR‑409‑5p with HbAlc, FPG, FINS and 
HOMA‑IR in pregnant women with GDM. miR-409-5p was 

Figure 1. Expression and diagnostic value of miR-409-5p in the two groups. (A) miR-409-5p expression of pregnant women in the two groups. (B) The 
diagnostic ROC curve of miR-409-5p for GDM. *P<0.05. ROC, receiver operating characteristic; GDM, gestational diabetes mellitus.

Figure 2. Comparison of biochemical indicators between the two groups. (A) Comparison of serum HbAlc between the two groups. (B) Comparison of serum 
FPG between the two groups. (C) Comparison of serum FINS between the two groups. (D) Comparison of HOMA-IR between the two groups. *P<0.05. HbAlc, 
glycosylated hemoglobin; FPG, fasting plasma glucose; FINS, fasting insulin; HOMA-IR, homeostasis model assessment of insulin resistance.
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positively correlated with HbAlc, FPG, FINS and HOMA-IR 
in pregnant women with GDM (P<0.05) (Fig. 3).

Expression of miR‑409‑5p in patients with different insulin 
resistance. According to the insulin resistance index, the GDM 
patients were divided into 51 cases of insulin resistance group 
(HOMA‑IR ≥1.66) and 25 cases of non‑insulin resistance 
group (HOMA-IR <1.66) to compare the serum miR-409-5p 
expression in the two groups. The results showed that serum 
miR-409-5p level in the insulin resistance group was dramati-
cally higher than that in the non-insulin resistance group, and 
the difference was statistically significant (P<0.05) (Fig. 4).

Multivariate analysis of the occurrence of GDM. Based 
on the above results, we found that the occurrence of GDM 

Figure 3. Correlation of serum miR-409-5p with HbAlc, FPG, FINS and HOMA-IR in pregnant women with GDM. (A) The relationship between miR-409-5p 
and HbAlc in pregnant women with GDM. (B) The relationship between miR-409-5p and FPG in pregnant women with GDM. (C) The relationship between 
miR-409-5p and FINS in pregnant women with GDM. (D) The relationship between serum miR-409-5p and HOMA-IR in pregnant women with GDM. 
HbAlc, glycosylated hemoglobin; FPG, fasting plasma glucose; FINS, fasting insulin; HOMA-IR, homeostasis model assessment of insulin resistance; GDM, 
gestational diabetes mellitus.

Figure 4. Expression of miR-409-5p in patients with different insulin resis-
tance. *P<0.05.

Table II. Multivariate analysis.

Factors β S.E Wald OR 95% CI P-value

miR-409-5p 0.343 0.157 5.442 1.465 1.008-1.871 <0.05
HbAlc 0.113 0.508 0.294 1.061 0.742-1.674   0.153
FPG 0.228 0.384 0.341 1.249 0.903-1.714   0.129
FINS 0.421 0.128 6.237 1.745 1.166-2.354 <0.05
HOMA-IR 0.509 0.086 8.626 2.432 1.505-3.774 <0.05

HbAlc, glycosylated hemoglobin; FPG, fasting plasma glucose; FINS, fasting insulin; HOMA-IR, homeostasis model assessment of insulin 
resistance; SE, standard error; OR, odds ratio.
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was associated with serum miR-409-5p, HbAlc, FPG, FINS, 
and HOMA-IR. These factors were listed as independent 
variables and assigned values, and took GDM as the depen-
dent variable for multivariate analysis by logistic regression 
analysis (Table II). The results revealed that the increase of 
miR-409-5p, FINS and HOMA-IR were all independent risk 
factors for GDM.

Discussion

GDM is considered to be a severe glucose intolerance during 
pregnancy. In recent years, increasing number of women have 
been diagnosed with GDM, which has become a common 
public health problem (17). For many patients, untimely 
diagnosis and treatment will inevitably bring severe adverse 
effects on the mother and fetus (18). As one of the mechanisms 
of GDM, insulin resistance has been reported in previous 
research (19) indicating that many pregnant women with GDM 
have more severe insulin resistance than non-pregnant women, 
the possible mechanism of action, however, remains unknown.

It is well-established that miRNAs play a vital part in 
the occurrence and progression of many diseases, including 
diabetes (20,21). For example, research (22) identified that 
the serum miR-132 expression in patients with GDM was 
decreased, and it may be used as a biomarker for the diag-
nosis of GDM. In this study, we found that the expression of 
miR-409-5p was up-regulated in the serum of GDM patients, 
and ROC analysis exhibited that it had a high diagnostic value 
for GDM. Previous studies on miR-409-5p mainly focused 
on its role in tumors. For example, a study (23) revealed that 
miR-409 inhibited the invasion and metastasis of tumor cells 
by directly targeting the radixin in gastric cancer. Another 
study (24) showed that miR-409 inhibited the develop-
ment of non-small cell lung cancer (NSCLC) by directly 
targeting SPIN1. In our study, for the first time it was found 
that miR-409-5p was up-regulated in GDM, which provides 
certain ideas and directions for follow-up research.

To further analyze the relationship between miR-409-5p 
and GDM patients, we tested other relevant biochemical 
indicators of GDM and calculated HOMA-IR. The results 
demonstrated that compared with normal pregnant women, 
the HbAlc, FPG, FINS and HOMA-IR were significantly 
increased in GDM patients, and correlation analysis revealed 
a positive correlation between miR-409-5p and serum HbAlc, 
FPG, FINS and HOMA-IR. As is know, insulin resistance is 
an important index for evaluating islet cell function in diabetes 
mellitus (25), our study found there was a positive correlation 
between miR-409-5p and insulin resistance index in patients 
with GDM. Subsequently, we compared the expression of 
miR-409-5p in patients with different insulin resistance, and 
noted that the serum miR-409-5p level in patients with insulin 
resistance was significantly higher than that without, which 
validated the previous idea on the one hand, and on the other 
hand, it suggested that miR-409-5p may affect the function of 
islet cells, thus affecting the pathogenesis of GDM. However, 
more basic experiments and clinical studies are needed to 
confirm this hypothesis. Many studies have explored the effect 
of miRNA on islet function. For example, evidence (26) found 
that miR-375 was highly expressed in islet cells, which could 
inhibit glucose-induced insulin secretion. Another study (27) 

conducted animal experiments and also pointed out that 
miR-29 was highly expressed in diabetic rats and could induce 
insulin resistance. Finally, we analyzed the causes of GDM, 
and the results showed that the increase of miR-409-5p, FINS, 
and HOMA-IR were all independent risk factors for GDM. 
Studies in the past (28,29) indicated that insulin resistance 
may be one of the causes of GDM, but the possible effect of 
miR-409-5p in GDM has not been studied yet. The present 
study is the first that found miR‑409‑5p may be an independent 
risk factor for the occurrence of GDM, which we speculate 
may be related to the association between miR-409-5p and 
insulin resistance, but more basic experiments are yet to be 
performed for confirmation.

In conclusion, miR-409-5p is highly expressed in the serum 
of GDM patients, and it is positively correlated with insulin 
resistance index of GDM patients, which may be a potential 
target for clinical diagnosis and treatment of GMD. However, 
this study also has deficiencies. Relevant basic experiments 
in vivo and in vitro, which are absent in the present study, are 
needed to support our conclusions. As there are relatively few 
studies on miR-409-5p in GDM, our conclusions need to be 
further confirmed.
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