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Abstract
Gestational diabetes mellitus (GDM) is associated with adverse pregnancy outcomes in pregnant women and it’s prevalence 
is increasing worldwide. A total 100 cases of GDM and 100 healthy controls were included in a study and blood samples 
were collected in plain vials from all study participant. Difference among several variables which included BMI, glycemia, 
insulinaemia, HbA1c, total cholesterol, triglycerides, urinary albumin were compared between GDM cases and controls and 
were found to be statistically significant (p < 0.0001). Additionally, GDM cases showed 4.0 fold increase in miRNA-19a and 
4.7 mean increase in miRNA-19b expression compared to healthy control individuals. A positive correlation was observed 
between miRNA-19a and miRNA-19b among GDM cases. However the correlation coefficient was 0.13 between miRNA-
19a and miRNA-19b. This suggested that with the increase in miRNA-19a, miRNA-19b also increased. The findings of this 
study concludes that an increase in microRNA-19a and microRNA-19b is observed in GDM cases and could be linked with 
increased risk factor for worsening of the disease. MicroRNA-19a and 19b have been linked to alcoholism and smoking and 
could also be the factors in GDM.
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Introduction

Gestational diabetes mellitus (GDM) is related to altered 
carbohydrate metabolism or potentially abridged or reduced 
glucose tolerance before pregnancy and gestational diabetes 
usually confirmed during pregnancy (Djelmis et al. 2016). 
GDM is linked with adverse pregnancy outcomes for the 
pregnant women and it affects roughly 7–14% of obese preg-
nant females (El-Chaar et al. 2013). GDM prevalence rate is 
mounting day by day all over the world, approximately 14% 
of pregnancies exaggerated by GDM (International Diabetes 
Federation 2017). It has been showed to be associated with 
prenatal difficulties and increases risk of future metabolic 

disorder in both mothers and their children. The oral glu-
cose tolerance test (OGTT) was used to confirm the GDM 
(Metzger et al. 2010). Later on both mothers and their chil-
dren have more chance to develop metabolic disorders such 
as obesity, type 2 diabetes mellitus (T2D) and cardiovascu-
lar related disorder (Mitanchez et al. 2015). Several factors 
are implicated in the pathogenesis of GDM (Yan and Yang 
2014). Approximately 18–20 nucleotide long MicroRNAs 
are noncoding nucleotide sequence of RNA linked to control 
post-transcriptional gene regulation through interfering with 
translation machinery and lead to mRNA cleavage or inhibi-
tion of translational (Sayed and Abdellatif 2011). Upregula-
tion of several microRNAs was observed in 16–19 weeks of 
pregnant women’s sample (Zhu et al. 2015a, b). But it’s still 
not clear that GDM could be diagnosed by microRNAs and 
could be used as GDM biomarkers. Evidences are emerg-
ing that unusual expression of miRNAs is associated with 
complications in women’s pregnancy, such as preeclampsia 
and GDM (Zhao et al. 2013). Increasing evidence revealed 
miRNAs in the cause and development of GDM (Poirier 
et al. 2017) and proposed that miRNA regulation in mother 
may be used as biomarkers to diagnose the GDM. Several 
miRNAs expressed in women’s placentas T2DM, confirming 
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that miRNAs expressed at stage of GDM play an essential 
candidate in metabolic disorder (Collares et al. 2013). A 
research by Zhu et al. (2015a, b) revealed that sample drawn 
at 16th–19th gestational weeks showed upregulation of miR-
16, microRNA-17-5p, microRNA-19a, microRNA-19b, and 
microRNA-20a in plasma samples of GDM pregnant women 
compared to healthy individuals (Zhu et al. 2015a, b). A 
research by Cao et al. (2017) said that expression differ-
ences of miR-19a and miR-19b. More recently, Pheiffer et al. 
(2018) reported decreased miR-19a and miR-19b expres-
sion in South African women with GDM. Therefore, present 
study aimed to study the association of microRNA 19a and 
19b expression among Gestational Diabetes patients.

Materials and methods

Blood sample collection and serum separation

Present study recruited 100 confirmed cases of GDM after 
screening by performing oral glucose tolerance test (75 g) at 
the stage of second trimester (24–28 weeks of gestation) and 
equal number of female healthy controls. 2.5 ml of patient’s 
peripheral blood samples were drawn in plain vials from 
GDM cases and 2 ml of venous blood from healthy individu-
als in red vials. Blood samples drawn in plain vials were 
centrifuged at 1500 rpm to separate the serum were collected 
and stored at − 70 °C. This study was ethically approved and 
conducted at Department of Obstetrics, The Second Hospital 
of Shandong University, Jinan, Shandong, China. Informed 
consent was obtained from study participants.

Total RNA extraction

Total cell free RNA extraction from serum samples was 
done using Trizol method from GDM patients as well as 
from healthy controls individuals and stored at − 70 °C in 
RNase-free eppendorf tubes. The quality and purity of RNA 
were determined by the A260/280 ratio by spectrophotom-
eter method.

Polyadenylation and cDNA synthesis

Total 10 ng from total extracted RNA was used for Polyade-
nylation and cDNA synthesis using advanced microRNA 
cDNA Synthesis Kit (A28007, TaqMan, Thermo Scientific) 
by following manufacturer protocol. Reverse Transcriptase 
enzyme and other essential reagents were added subse-
quently for cDNA synthesis to switch in poly (A)—tailed 
miRNAs into cDNA using universal RT primer supplied 
with the manufacturer kit.

Quantitative real time PCR for miRNA‑19a 
and miRNA‑19b expression

Relative quantification was performed by using Quantita-
tive real-time PCR (qPCR) to compute the cell free based 
microRNA-19a and microRNA-19b expression level in 
GDM patients compared to healthy controls. QRT-PCR 
was performed in Quant Studio 6 using advanced Taqman 
master mix (4444556), Taqman probes for miRNA-19a 
(479228_mir) and 19b (477962_mir) were used for quan-
tification and U6 was used as internal control.

Statistical analysis

All the data analysis was done by Graph Pad Prism 5.03 
version of software. Relative quantification method  2−(∆∆ct) 
was applied to compute the fold change in expression of 
miRNA-19a and miRNA-19b in GDM patients. All the data 
presented in mean and standard deviation. Mann–Whitney U 
test and student ‘T’ test were used to compare the groups and 
p value < 0.05 was considered to be statistically significant.

Results

Demographic characteristic

All the demographic characteristic of GDM cases and 
healthy controls were depicted in Table 1. In brief, All 
100 the GDM cases were females and 100 healthy female 
subjects were included and more details were depicted in 
Table 1.

Table 1  Clinical and demographic characteristic of GDM cases and 
healthy controls

Variables GDM cases Healthy controls

Age
 < 35 years 45 (45%) 40 (40%)
 > 35 years 55 (55%) 60 (60%)

Alcoholism
 Yes 48 (48%) 50 (50%)
 No 52 (52%) 50 (50%)

Smoking
 Yes 43 (43%) 45 (45%)
 No 57 (57%) 55 (55%)

Hypertension
 Yes 40 (40%) 28 (28%)
 No 60 (60%) 72 (72%)
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Association of biochemical parameters among GDM 
cases and healthy controls

Several biochemical parameters were included in present 
study and it was analysed to observe differences in biochem-
ical parameters among GDM cases and controls (Table 2). 
BMI (body mass index) of GDM cases was observed 
28.41 while healthy controls BMI was 23.56 and differ-
ences between them was found to be statistically significant 
(p < 0.0001). Other parameters such as glycemia, insulinae-
mia, HbA1c, total cholesterol, triglycerides, urinary albumin 
were analysed and differences among GDM cases and con-
trols were found to be significant (p < 0.0001).

MicroRNA‑19a expression and GDM cases

GDM cases showed increased cell free miRNA-19a expres-
sion (4.0 mean fold) compared to healthy control. Patients 
who were < 35 years of age showed 4.22 fold miRNA-19a 
expression while > 35 years of age group showed 3.82 fold 
miRNA-19a expression and differences among them was 
found to be significant (p = 0.03). It was observed that GDM 
patients had history of alcoholism habit showed 4.31 fold 
miRNA-19a expression while those who were non alcoholic 
had 3.72 fold miRNA-19a expression and differences among 
them was found to be significant (p = 0.001). However no 
such association of miRNA-19a expression was observed 
with smoking and hypertension (Table 3). 

MicroRNA‑19b expression and GDM cases

GDM cases showed 4.77 mean fold increased miRNA-19b 
expression compared to healthy control. It has been observed 
that patients who were < 35 years of age showed 5.12 fold 
miRNA-19a expression while > 35  years of age group 
showed 4.48 fold miRNA-19a expression and differences 
between the groups was found to be significant (p = 0.02). 

GDM patients had history of smoking habit showed 5.04 
fold miRNA-19b expression while those who were not in 
habit of smoking had 4.41 fold miRNA-19b expression 
and differences between groups was found to be significant 
(p = 0.03). However no such effect of alcoholism and hyper-
tension was observed on miRNA-19b expression (Table 4). 

Correlation between miRNA 19a and 19b expression 
in GDM patients

A positive correlation was observed between miRNA-19a 
and miRNA-19b among GDM cases, However the corre-
lation was not very strong (correlation coefficient = 0.13). 

Table 2  Comparison of biochemical parameters among GDM cases 
and healthy controls

Biochemical param-
eters

GDM cases
(Mean ± SD)

Healthy controls
(Mean ± SD)

p value

Body mass index 
(BMI)

28.41 ± 2.18 23.56 ± 1.52 < 0.0001

Glycemia (mg/dl) 79.48 ± 2.95 68.05 ± 9.29 < 0.0001
Insulinaemia (mUI/ml) 13.48 ± 2.50 7.08 ± 0.97 < 0.0001
HbA1C 6.06 ± 0.60 4.96 ± 0.76 < 0.0001
Total cholesterol (mg/

dl)
284.2 ± 34.74 205.2 ± 19.05 < 0.0001

Triglycerides (mg/dl) 219.2 ± 37.12 139.5 ± 24.92 < 0.0001
Urinary Albumin 

(mg/l)
16.28 ± 2.44 7.26 ± 0.84 < 0.0001

Table 3  Association of miR-19a expression with respect to different 
variables

Variables miR-19a expression
(fold change in 
mean ± SD)

p value

Overall expression 4.0 ± 0.92 –
Age
 < 35 years 4.22 ± 0.84 0.03
 > 35 years 3.82 ± 0.95

Alcoholism
 Yes 4.31 ± 0.91 0.001
 No 3.72 ± 0.84

Smoking
 Yes 4.01 ± 0.98 0.91
 No 3.99 ± 0.85

Hypertension
 Yes 4.01 ± 0.91 0.97
 No 4.00 ± 0.95

Table 4  Association of miR-19b expression with respect to different 
variables

Variables miR-19b expression
(fold change in 
mean ± SD)

p value

Overall expression 4.77 ± 1.55 –
Age
 < 35 years 5.12 ± 1.84 0.02
 > 35 years 4.48 ± 1.57

Alcoholism
 Yes 4.69 ± 1.38 0.59
 No 4.84 ± 1.71

Smoking
 Yes 5.04 ± 1.47 0.03
 No 4.41 ± 1.61

Hypertension
 Yes 4.98 ± 1.62 0.06
 No 4.46 ± 1.42
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correlation coefficient indicated that that with the increase of 
miRNA-19a, miRNA-19b was also increased (Fig. 1).  

Discussion

The pathophysiology of patients with GDM is not yet com-
pletely known. Insufficient β-cell adjustment to peripheral 
resistance to insulin and characterization of 2nd and 3rd ges-
tation trimester is expected to be key cause of GDM, How-
ever the molecular signalling behind such crash is still under 
study (Di Cianni et al. 2003). Negative regulation of gene 
expression and translation can be controlled by microRNA 
(Lai 2003) and each miRNA can modulate various genes as 
well as only gene can be controlled by numerous miRNAs 
(Lewis et al. 2003). miRNAs virtually involved in each cel-
lular process and involved in cell cycle development, dif-
ferentiation, and regulation (Wilczynska and Bushell 2015). 
Several studies confirmed that miRNAs are not exclusively 
intracellular nucleic acid but also cell free and present in 
a circulatory system as circulating in biological fluids, 
including plasma or serum (Fehlmann et al. 2016). Essen-
tially, cell free circulating microRNAs were abnormally 
expressed in the circulatory system during the pathogen-
esis or development of diseases (Turchinovich et al. 2012). 
It has been observed that GDM patients showed increased 
in biochemical parameters compared to healthy controls. 
Several parameters such as Body Mass Index, Glycemia, 
Insulinaemia, HbA1c, Total cholesterol, Triglycerides and 
Urinary Albumin were high in GDM patients. A study by 
Guido Sebastiani observed increased biochemical param-
eters such as Glycemia, Insulinaemia, HbA1c, Total choles-
terol, Triglycerides and Urinary Albumin were high in GDM 
cohort (Sebastiani et al. 2017). Increased miRNA-19a and 
miRNA-19b was observed among GDM patients in contrast 
to healthy controls. In the same way a study by Zhu et al. 
(2015a, b) found that miR-19a, miR-19b was found to be 

unregulated in 16th–19th gestational week’s plasma samples 
in pregnant diabetic females with respect to control. Sev-
eral miRNAs such as miR-17-5p, miR-19a-3p, miR-19b-3p, 
and miR-20a-5p belong to the miRNA-17-92 cluster. This 
plays key role in physiological process during pregnancy 
and increased expression of these miRNAs may lead to an 
abnormal pregnancy (Zhu et al. 2015a, b). miRNAs 19a-19b 
expression was found to be associated with age, alcohol and 
smoking among GDM patients. A positive correlation was 
observed between miRNA-19a, miRNA-19b that shows both 
are linked together and with the GDM. A study in strepto-
zotocin induced diabetic mice showed increased miRNA-
19b expression reported by Costantino and colleagues 
(2016). Present study showed microRNA-19a and 19b were 
positively correlated among GDM patients showed possi-
ble involvement in the pathogenesis of disease in female 
pregnant patients. It has been observed that alcoholism and 
smoking linked with microRNA-19a and 19b expression 
in GDM patients. However, increased microRNA-19a and 
microRNA-19b was found to be associated with GDM.

Conclusion

Present study concluded that increased microRNA-19a and 
microRNA-19b was observed in GDM patients and could 
be linked with the pathogenesis and worseness of disease. 
Increased microRNA-19a was linked with age and alcohol-
ism as well as increased microRNA-19b expression was 
linked with age and smoking could be the reason for worse-
ness of disease.
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