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Abstract. MicroRNAs (miRNAs) are small non‑coding RNAs 
that function as crucial regulators of gene expression. Recently, 
dysregulation of miRNA expression in the blood has been 
demonstrated to be associated with various diseases, including 
type 2 diabetes mellitus (T2D), suggesting a potential for their 
use as biomarkers of disease prognosis. The present study 
examined the expression levels of T2D‑associated miR‑15a 
in peripheral whole blood samples from patients with T2D, 
pre‑diabetes individuals exhibiting impaired fasting glucose 
(IFG) and impaired glucose tolerance (IGT), as well as 
healthy control subjects, in order to investigate the potential of 
peripheral blood miR‑15a as a biomarker for the prediction of 
T2D and pre‑diabetes. The present study included 24 patients 
with T2D, 22 IFG/IGT individuals and 24 healthy controls. 
The expression levels of miR‑15a were analyzed by reverse 
transcription-quantitative polymerase chain reaction. The 
results indicated that the peripheral blood miR‑15a expression 
levels were significantly decreased in patients with T2D and 
IFG/IGT individuals, compared with healthy control subjects 
(P<0.05). As determined by multivariate logistic regression 
analysis, lower miR‑15a expression was significantly associ-
ated with T2D (odds ratio [OR], 0.51; 95% confidence interval 
[CI], 0.16‑0.73; P<0.05) and pre‑diabetes (OR, 0.56; 95% CI, 
0.23‑0.79; P<0.05). This association remained statistically 
significant following adjustment for age, body mass index 
and hypertension, as well as other biochemical indicators. 
Furthermore, a receiver operating characteristic analysis 
revealed that blood miR‑15a distinguished patients with T2D 

and IFG/IGT individuals from healthy controls (area under 
the curves; 95% CI: 0.864; 0.751‑0.977 and 95% CI: 0.852; 
0.752‑0.953, respectively). These results demonstrated that 
peripheral blood miR‑15a expression levels were signifi-
cantly lower in patients with T2D and IFG/IGT individuals, 
compared with healthy individuals. Thus, miR‑15a in periph-
eral whole blood may serve as a potential biomarker for T2D 
and pre‑diabetes.

Introduction

Type 2 diabetes (T2D) is one of the most common chronic 
diseases worldwide, and it is estimated to affect >400 million 
individuals by 2030 (1). The prevalence of T2D has markedly 
increased in the states of the Cooperation Council for the Arab 
States of the Gulf that include Bahrain, and these countries 
are now among the top 10 with the highest rate of T2D world-
wide (2).

A combination of genetic and environmental/epigenetic 
factors may impair insulin sensitivity in target tissues, as well 
as insulin secretion from pancreatic β cells. When insulin 
secretion from the β cells is no longer able to prevent insulin 
resistance, glucose levels rise (hyperglycemia), leading to 
pre‑diabetes at an early stage and T2D at a later stage (3,4).

Substantial evidence has demonstrated that there is a 
long and latent asymptomatic period during which T2D may 
be detected, and thus T2D may remain undiagnosed for a 
number of years (5,6). At present, there are no biomarkers for 
predicting T2D, and the currently available blood glucose tests 
serve as diagnostic rather than predictive tools. Since lifestyle 
interventions are highly effective at delaying the onset and 
progression of the T2D (7), the development of diagnostic or 
prognostic biomarkers for the early detection of T2D is clini-
cally significant.

MicroRNAs (miRNAs) are endogenous small non‑coding 
RNAs that regulate gene expression by targeting mRNA for 
cleavage or translational repression. miRNAs are involved 
in highly regulated processes such as proliferation, differen-
tiation, apoptosis and metabolic processes (8). Specifically, 
miRNAs are important for β cell function and the regulation of 
glucose stimulated insulin secretion (9‑11), and for controlling 
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insulin signaling in target tissues (12). Consequently, aberrant 
expression of several miRNAs has been implicated in the 
pathogenicity of diabetes (13).

miRNAs have been detected in the peripheral blood in a 
notably stable form that is protected from endogenous RNase 
activity (14). The biological function of circulating miRNAs and 
the exact mechanism underlying the entry of miRNAs into the 
blood remains elusive. It has been reported that miRNAs may be 
packaged into microvesicles or associated with apoptotic bodies 
and actively secreted into the blood circulation, and subse-
quently target recipient cells in order to exert specific molecular 
functions, thus mediating cell‑to‑cell communication (15,16).

To date, changes in single miRNAs and in miRNA 
signatures have been reported in the serum and plasma of 
patients with various diseases, such as cancer  (17,18) and 
cardiovascular diseases  (19,20). Furthermore, a previous  
population‑based cohort study identified a set of plasma 
miRNAs that were differentially expressed in patients with 
T2D and healthy controls (21), and among them, miR‑15a was 
demonstrated to be the most strongly associated with T2D.

In addition to the changes in miRNA expression levels in 
the serum and plasma, recent blood‑based miRNA studies have 
reported altered miRNA expression in the peripheral whole 
blood of patients with various types of cancers (22,23), acute 
myocardial infarction (24), and other human diseases (25), 
suggesting a potential use of peripheral blood miRNAs as 
disease biomarkers.

The present study examined the expression levels of 
T2D‑associated miR‑15a in peripheral whole blood samples 
from patients with T2D, pre‑diabetes individuals with 
impaired fasting glucose (IFG) and impaired glucose toler-
ance (IGT), and healthy control subjects; and investigated the 
biomarker potential of peripheral blood miR‑15a for T2D and 
pre‑diabetes prediction.

Subjects and methods

Study subjects and clinical data. A total of 70 subjects were 
included in the present study: 24 patients with T2D (10 men 
and 14 women), 22 pre‑diabetes individuals with IFG and 
IGT (10 men and 12 women), and 24 healthy control subjects 
(13 men and 11 women). Both the patients and controls were 
selected from the King Abdullah University Medical Centre  
(College of Medicine and Medical Sciences, Arabian Gulf 
University, Kingdom of Bahrain). Individuals with malignant 
tumors, cardiovascular disease, nephropathy or other chronic 
diseases which could effect the miRNA expression levels were 
excluded from the present study. The study was approved by 
the Medical Research and Ethics Committee in the College of 
Medicine and Medical Sciences of the Arabian Gulf University, 
Kingdom of Bahrain (Manama, Kingdom of Bahrain). Written 
informed consent was obtained from all subjects.

The presence of T2D in the patients was established 
according to World Health Organization criteria  (26): 
Fasting glucose (FG) levels ≥7.0  mmol/l, glucose levels 
≥11.1 mmol/l (200 mg/dl) as determined by a 2 h oral glucose 
tolerance test (OGTT) when glycated hemoglobin (HbA1c) 
levels >6.5%, or when the subjects had a clinical diagnosis 
of the disease. Individuals with FG levels of 6.1‑6.9 mmol/l 
(110‑125 mg/dl) or 2 h OGTT glucose levels of 7.8‑11.0 mmol/l 

(140‑199 mg/dl) were designated as exhibiting pre‑diabetes. 
The healthy controls were defined as subjects with FG of 
4.8‑5.2 mmol/l (110 mg/dl), and 2 h OGTT glucose levels of 
<7.8 mmol/l (140 mg/dl).

miRNA extraction. A total of 5 ml of peripheral blood were 
collected from the subjects and placed into tubes containing 
ethylenediaminetetraacetic acid (EDTA; BD Biosciences, 
Franklin Lakes, NJ, USA). Aliquots (0.5 ml each) of blood 
were mixed with 1.3  ml RNAlater, an RNA stabilization 
reagent (Ambion Life Technologies, Carlsbad, CA, USA) and 
stored at ‑80˚C. Prior to RNA extraction, the frozen samples 
were thawed at room temperature, and total RNA including 
small RNA was isolated using the miRNeasy kit (Qiagen, 
Inc., Valencia, CA, USA) according to the manufacturer's 
instructions. Concentration and purity of the RNA was quan-
tified by measuring the absorbance at 260 nm (A260) and 
280 nm (A280) using a NanoDrop ND‑100 spectrophotometer 
(Thermo Fisher Scientific, Inc., Waltham, MA, USA).

Reverse transcription-quantitative polymerase chain reac-
tion (RT-qPCR). RT-qPCR was performed using the TaqMan® 
MicroRNA Reverse Transcription kit and Biosystems real-time 
PCR detection system (Applied Biosystems Life Technologies, 
Foster City, CA, USA). cDNA was synthesized from total RNA 
(20 ng) using specific stem‑loop RT primers and reagents from 
the TaqMan® MicroRNA Reverse Transcription kit (3 µl specific 
stem‑loop RT primers, 100 mM dNTPs, 10X reverse transcrip
tion buffer, 20 U/µl RNase inhibitor, 50 U/ml MultiScribe™ 
Reverse Transcriptase and 4.16 µl nuclease‑free water to a final 
volume of 15 µl).

For qPCR, PCR products were amplified from cDNA using 
the TaqMan® MicroRNA Assay/TaqMan® Universal PCR 
Master mix (Applied Biosystems Life Technologies). Briefly, 
a 1.33 µl aliquot of cDNA was combined with 1 µl TaqMan 
miRNA (consisting of the specific PCR primers, and a 20X 
TaqMan® MGB probe, TaqMan® Universal PCR Master mix II 
(2X), no UNG (10 µl) and nuclease‑free water (7.67 µl) to a 
final volume of 20 µl. The PCR primers had the following 
sequences: Mature hsa‑miR‑15a, UAG​CAG​CAC​AUA​AUG​
GUU​UGU​G; reference gene RNU6B, CGC​AAG​GAT​GAC​
ACG​CAA​ATT​CGT​GAA​GCG​TTC​CAT​ATT​TTT. qPCR 
was performed using a 7900HT Fast Real Time PCR system 
(Applied Biosystems Life Technologies) with the following 
cycling conditions: 95˚C for 10 min, followed by 95˚C for 
15 sec and 60˚C for 60 sec for a total of 40 cycles.

The PCR of each sample was run in duplicate to minimize 
experimental errors. The results were analyzed using Sequence 
Detection Software version 1.7 (Applied Biosystems Life 
Technologies). The expression levels of miR‑15a were normal-
ized to those of RNU6B, a small nuclear RNA, the expression 
levels of which were demonstrated to be relatively abundant 
and constant across a wide range of human tissues and cell line 
types. It is regarded as one of the control genes with the least 
variability for miRNAs assays (27) and has been widely used 
in different fields including in diabetes research (28,29).

The fold change of miR‑15a expression was determined 
using the 2‑ΔΔCt method. The change in threshold cycle (ΔCt) 
was calculated by subtracting the Ct values of the reference 
RNU6b from the Ct values of the target miR‑15a. ΔΔCt was 
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then calculated by subtracting the average ΔCt values of the 
controls from the average ΔCt values of the cases (diabetes or 
pre‑diabetes).

Statistical analysis. Comparisons between cases and controls 
were conducted by χ2 or Student's unpaired t‑test, and presented 
as the mean ± standard deviation (SD). Multivariate logistic 
regression analysis was used to assess the association between 
miR‑15a expression levels and T2D and pre‑diabetes. The area 
under the curve (AUC) using receiver operating characteristic 
(ROC) analysis was calculated for miRNA‑15a to assess the 
predictive values. A two‑tailed P<0.05 was considered to 
indicated a statistically significant difference. The data were 
analyzed using SPSS 19 (IBM, Armonk, NY, USA).

Results

Characteristics of the study subjects. Patient characteris-
tics are presented in Table I. No significant differences in 

gender distribution and age were found among T2D patients, 
pre‑diabetes individuals (IFG/IGT), and healthy control 
subjects (P>0.05). The body mass index (BMI) was significant 
higher in patients with T2D, compared with control subjects 
(P>0.05), but was not significantly different in individuals with 
pre‑diabetes compared with controls (P>0.05). The percentage 
of subjects with hypertension differed significantly between 
T2D and pre‑diabetes compared with the controls (P<0.05). In 
the groups of patients with T2D and pre‑diabetes, significant 
differences were found for levels of fasting glucose, OGTT 
glucose and HbA1c levels compared with those of the control 
subjects (P<0.005). In addition, patients with T2D had statis-
tically different results for levels of triglyceride (TG), high 
density lipoprotein cholesterol (HDL‑C), low density lipopro-
tein cholesterol (LDL‑C) and total cholesterol (TC) compared 
with controls (P<0.005). Conversely, pre‑diabetes individuals 
had statistically different results for levels of TG (P<0.05), but 
not for HDL-C, LDL-C or TC (P>0.05), compared with the 
controls.

Table I. Characteristics of the subjects.

Characteristic	 T2D	 Pre‑diabetes	 Controls

Number of subjects 	 24	 22	 24
Age (years)	 52±6.0	 49±7.7	 49±9.1
Gender (M/F)	 10/14	 10/12	 13/11
BMI (kg/m2) 	 25.3±1.8a	 24.5±2.2	 24.2±1.0
Hypertension [n (%)]	 14 (58.3)b	 9 (40.9)a	 1 (4.1)
FG (mmol/l) 	 9.4±7.6b	 6.4±5.8b	 4.4±4
2 h OGTT (mmol/l)	 14.6±2b	 8.8±0.8	 6.1±0.6
HbA1c (%) 	 7.5±0.8b	 6.5±0.7b	 4.8±0.6
TG (mmol/l) 	 2.38 (1.0‑3.5)b	 2.27 (1.0‑3.3)b	 1.49 (0.9‑1.6)
LDL‑C (mmol/l)	 3.4±0.5b	 3.17±0.7	 2.99±0.2
HDL‑C (mmol/l)	 1.0±0.1b	 1.29±0.2	 1.31±0.2
TC (mmol/l)	 5.26 (4.0‑5.8)b	 4.97 (3.3‑5.5)	 4.83 (3.8‑5.0)

Data are presented as numbers (%) for categorical data, mean ± standard deviation for parametrically distributed data, or median (interquartile 
range) for non-parametrically distributed data. T2D, type 2 diabetes mellitus; BMI, body mass index; FG, fasting glucose; OGTT, oral glucose 
tolerance test; HbA1c, glycated hemoglobin; TG, triglyceride; HDL‑C, high density lipoprotein cholesterol; LDL‑C, low density lipoprotein 
cholesterol; TC, total cholesterol. aP<0.05 and bP<0.005, vs. the controls.

Table II. Association between lower miRNA‑15a expression levels and T2D and pre‑diabetes.

	 T2D	 Pre‑diabetes
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ --‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑ --‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
miR‑15a expression	 OR (95% CI)	 P-value	 OR (95% CI)	 P-value

Crude	 0.51 (0.16‑0.73)	 0.02	 0.56 (0.23‑0.79)	 0.01
Adjusted, model 1a	 0.55 (0.31‑0.82)	 0.04	 0.57 (0.28‑0.83)	 0.05
Adjusted, model 2a	 0.53 (0.19‑0.79)	 0.03	 0.58 (0.37‑0.87) 	 0.03
Adjusted, model 3a	 0.57 (0.37‑0.89)	 0.02	 0.57 (0.35‑0.80)	 0.05

aModel 1, adjusted for age and gender. Model 2, adjusted for model 1, hypertension and BMI. Model 3, adjusted for model 2, TG, LDL‑C, 
HDL‑C and TC. miRNA, microRNA; T2D, type 2 diabetes; BMI, body mass index; TG, triglyceride; LDL‑C, low density lipoprotein choles-
terol; HDL‑C, high density lipoprotein cholesterol; TC, total cholesterol.
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Expression of miR-15a. Using RT-qPCR, the expression levels 
of miR‑15a were determined relative to the endogenous control 
RNU6B in the peripheral whole blood of patients with T2D, 
pre‑diabetes individuals, and healthy control subjects. miR‑15a 
and  RNU6B exhibited reliable Ct values in all samples from 
T2D, pre‑diabetes and controls. No replicates with a Ct value 
>35 were detected (Fig. 1).

The expression levels of miR‑15a in the blood were 
significantly lower in patients with T2D and pre‑diabetic 
individuals compared with healthy controls (P<0.05; Fig. 2). 
The fold change of miR‑15a (calculated as the mean ± SD) was 
0.23±0.14 for T2D, 0.17±0.21 for pre‑diabetes and 1.16±0.04 
for healthy controls.

Association between miR-15a and T2D and pre-diabetes. 
Multivariate logistic regression analysis (Table II) demon-
strated strong association between lower miR‑15a expression 
levels and T2D [odds ratio (OR) 0.51; 95% confidence interval 
(CI) 0.16‑0.73; P<0.05]. Similarly, lower miR‑15a expression 
levels were strongly associated with pre‑diabetes (OR 0.56; 
95% CI 0.23‑0.79; P<0.05). This association remained statisti-
cally significant for T2D and pre‑diabetes following adjustment 
for age and gender, and further for BMI and hypertension, as 
well as levels of TG, LDL-C, HDL-C and TC (Table II).

Predictive potential of miR-15a. To evaluate the predictive 
potential of blood miR‑15a expression levels, ROC analysis 
was used. The AUC indicated that blood miR‑15a expression 
levels were able to distinguish between patients with T2D and 
healthy control individuals (AUC 0.864; 95% CI 0.751‑0.977; 

Figure 3. ROC curves of blood miR‑15a expression levels. (A) miR‑15a expres-
sion levels allow distinction between patients with T2D and healthy control 
subjects (AUC, 0.864; 95% CI, 0.751‑0.977), P<0.005. (B) miR‑15a expression 
levels allow distinction between pre‑diabetes individuals and healthy controls 
(AUC, 0.852; 95% CI, 0.752‑0.953); P<0.005). ROC, receiver operating charac-
teristic; AUC, area under the curve; CI, confidence interval; miR, microRNA.

Figure 1. Ct values of miR‑15a and RNU6B as determined by RT-qPCR. 
Total RNA was extracted from the whole blood of patients with T2D (n=24); 
pre‑diabetes individuals (n=22), and healthy control subjects (n=24), and 
was reverse transcribed to cDNA using miRNA specific primers. RT-qPCR 
was performed using a TaqMan assay, and the thermal cycle was set to 
40 cycles. The Ct values of miR‑15a and RNU6B are presented. Two cDNA 
replicates were used for each RT-qPCR run. The data are presented as the 
mean ± standard deviation. Ct, threshold cycle; RT-qPCR, reverse transcrip-
tion-quantitative polymerase chain reaction; T2D, type 2 diabetes mellitus; 
miR, microRNA.

Figure 2. Peripheral blood miR‑15a expression levels in patients with T2D, 
pre‑diabetes individuals and healthy controls. Total RNA was extracted from 
the whole blood of patients with T2D (n=24); individuals with pre‑diabetes 
(n=22) and healthy control subjects (n=24), and was reverse transcribed to 
cDNA using miRNA specific primers. The expression levels of blood miR‑15a 
relative to RNU6B were determined by reverse transcription‑quantitative 
polymerase chain reaction using a TaqMan assay. The data are shown as the 
mean ± standard deviation. *P<0.05, vs. the controls. T2D, type 2 diabetes 
mellitus; miR, microRNA.

  A

  B
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P<0.005) (Fig. 3A). Furthermore, blood miR‑15a expression 
levels distinguished individuals with pre‑diabetes from healthy 
controls (AUC 0.852; 95% CI 0.752‑0.953; P<0.005) (Fig. 3B).

Discussion

Previous studies have reported that serum and plasma miRNAs 
may serve as novel biomarkers for various diseases, including 
T2D (14,17‑21). Furthermore, miRNAs in peripheral whole 
blood have also shown promise as a novel class of biomarkers 
for the detection of several types of cancer, such as brain (22) 
and breast (23) cancer, as well as acute myocardial infarc-
tion (24), and other human diseases (25).

A study by Karolina et al (30) reported an miRNA marker 
in the peripheral whole blood of patients with T2D patients 
and IFG. Their study demonstrated that these blood miRNAs 
(miR‑144, miR‑146a, miR‑150, miR‑182, miR‑192, miR‑29a, 
miR‑30d and miR‑320a) may serve as unique biomarkers that 
are reflective and predictive of T2D (30).

The present study examined the expression levels of 
T2D‑associated miR‑15a (21) in the peripheral whole blood 
of patients with T2D, pre‑diabetes individuals (IFG/IGT), 
and healthy control subjects, and investigated the potential 
use of blood miR‑15a as a biomarker for predicting T2D and 
pre‑diabetes.

The results demonstrated that blood miR‑15a expres-
sion levels were significantly lower in patients with T2D 
and IFG/IGT individuals, compared with healthy controls. 
Furthermore, a strong association was observed between lower 
miR‑15a expression levels and T2D, as well as pre‑diabetes. 
Notably, this association was not altered following adjustment 
for known risk factors and certain other biochemical indica-
tors.

In a previous populat ion‑based cohor t study, 
Zampetaki et al (21) demonstrated a similar pattern of expres-
sion, with circulating plasma miR‑15a expression levels being 
lower in patients with T2D. The results from the present study 
extended the association of lower miR‑15a expression levels to 
pre‑diabetes individuals.

A previous study demonstrated that miR‑15a is implicated 
in controlling cell cycle and apoptosis in cancer cells (31). The 
expression levels of miR-15a were shown to inversely correlate 
with the expression levels of cyclin D1, and negatively regulate 
those of B‑cell lymphoma 2, a key anti-apoptotic protein (32). 
Recently, miR‑15a has been demonstrated to positively regulate 
and promote insulin biosynthesis by targeting and inhibiting 
endogenous uncoupling protein‑2 gene expression (33). The 
overexpression of miR-15a in transfected MIN6 (mouse insu-
linoma) cells increases insulin secretion, and its suppression 
decreases insulin levels (33). Therefore, miR‑15a was suggested 
as an important mediator of β cell function and insulin synthesis, 
and a possible therapeutic agent for diabetes (33).

The progression from pre‑diabetes (IFG and/or IGT) to 
early T2D is marked by a decrease in β cell function, and thus 
a decline in insulin secretion, followed by a failure of β cells 
to compensate for insulin resistance with hyperinsulinemia 
that marks the beginning of T2D (3,4). Individuals with IFG 
have a 20‑30% chance of developing T2D over the following 
5‑10 years, and the risk is even higher if individuals with 
combined IFG and IGT (34,35).

The observation of the present study that blood miR‑15a 
expression levels were decreased in patients with T2D and 
IFG/IGT individuals may suggest that miR‑15a expression 
correlates with disease development.

In the present study, the ROC curves revealed that blood 
miR‑15a levels have a promising ability to distinguish patients 
with T2D and IFG/IGT individuals from healthy controls, 
which suggested a potential use of peripheral blood miR‑15 
as a biomarker for T2D and pre‑diabetes. To the best of our 
knowledge, the present study demonstrated for the first time 
that peripheral blood miR‑15a may serve as a potential predic-
tive biomarker in T2D and pre‑diabetes.

The high stability of miRNAs in human peripheral blood 
renders them ideal biomarkers for disease detection  (14). 
Given that lifestyle interventions may be highly effective in 
delaying the onset and progression of T2D (7), the evaluation 
of peripheral blood biomarkers that are capable of distin-
guishing between patients with T2D and healthy individuals 
may lead to a novel preliminary screening method to prevent 
T2D, through the early identification of individuals who are 
at a higher risk of developing the disease, particularly those 
individuals with pre‑diabetes.

One of the limitations of the present study was the small 
sample size, and therefore these results require further investi-
gation in a larger population sample. Additionally, the present 
study focused exclusively on the association between blood 
miR‑15a expression levels and T2D/pre‑diabetes, and did not 
investigate other miRNAs. Nevertheless, further studies in 
our laboratory are underway to examine the significance of 
other whole blood miRNAs as predictive tools for T2D and 
pre‑diabetes. Finally, although the results of the present study 
demonstrated that blood miR‑15a is differentially expressed 
between patients with T2D, pre‑diabetes individuals, and 
healthy controls, the clinical application of miR‑15a in 
predicting T2D and pre‑diabetes requires further investigation 
and optimization.

In conclusion, the results of the present study demonstrated 
that the expression levels of miR‑15a were significantly lower 
in the peripheral whole blood of patients with T2D and 
pre‑diabetes individuals, compared with healthy controls, and 
that miR-15a in peripheral whole blood may serve as a poten-
tial biomarker for the prediction of T2D and pre‑diabetes.
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