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Background: microRNAs (miRNAs) have been touted as potential diagnostic and prog-
nostic biomarkers for various diseases. The aim of the present study was to evaluate the
diagnostic value of miR-30a-5p and miR-182-5p for prediabetes and screen-detected type 2
diabetes mellitus (T2DM).

Methods: The study included 1270 participants (207 prediabetes, 94 screen-detected dia-
betes and 969 normotolerant) from the Vascular and Metabolic Health (VMH) study. Whole
blood levels of miR-30a-5p and miR-182-5p were quantitated by RT-qPCR. Multivariable
logistic regressions were used to relate miRNAs with prediabetes or T2DM and receiver
operating characteristic (ROC) curves were used to evaluate the ability of each miRNA to
diagnose these conditions.

Results: Both miRNAs were significantly highly expressed in individuals with prediabetes
or T2DM (both >3.2-fold, and p<0.001). We also observed significant under-expression in
T2DM relative to prediabetes for miR-182-5p (0.49-fold, p=0.001). Age, sex and BMI-
adjusted partial correlation coefficient analysis revealed a significant correlation between the
two miRNAs across glucose tolerance statuses (r>0.932, p<0.001). In normotolerant indivi-
duals, both miRNAs showed a negative correlation with waist circumference and positive
correlation with HDL-cholesterol whilst in T2DM they correlated positively with hip cir-
cumference, 2-hour insulin, HDL- and LDL-cholesterol. Multivariable logistic regressions
revealed both miRNAs to be consistently and continuously associated with prediabetes or
T2DM (OR>1.18, 95% 95% CI: 1.10-1.28, p<0.001), while only miR-182-5p associated
with a reduced prevalence of T2DM relative to prediabetes (OR: 0.89, 95% CI: 0.83-0.96,
p=0.003). In ROC analyses, miR-182-5p almost outperformed HbAlc in diagnosing pre-
diabetes; area under the curve 0.74 vs 0.69.

Conclusion: Our findings demonstrate that miR-30a-5p and miR-182-5p are associated with
dysglycaemia and could potentially predict prediabetes, particularly miR-182-5p.
Keywords: Africa, miR-30a-5p, miR-182-5p, diabetes, prediabetes

Background

Despite advances in the understanding of disease progression and related treat-
ments, there has been a steady rise in diabetes mellitus (DM) incidence worldwide,
with the global population of people with diabetes expected to increase to
700 million individuals by the year 2045." Prediabetes is a state of intermediate
hyperglycaemia comprising three sub-phenotypes: impaired fasting glucose (IFG),
defined as a fasting plasma glucose of 6.1-6.9 mmol/L, impaired glucose tolerance
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(IGT), defined as a 2-hour plasma glucose of 7.8-11.0
mmol/L after oral glucose tolerance test (OGTT), or the
combination of both.> Effective intervention for the pre-
vention of progression from prediabetes to type 2 diabetes
(T2DM) requires
stranded noncoding microRNAs (miRNAs) in various

accurate diagnostic tools. Single-

metabolic disorders, especially T2DM, have drawn wide-
*7 These

miRNAs are present in various tissues, including extra-

spread attention as potential biomarkers.
cellular fluids such as plasma, saliva or urine, and are
highly stable since they are protected from RNAse
degradation.®

Since their discovery over twenty years ago, miRNAs
have been proven to play a pivotal role in the pathophy-
siology of several diseases, including T2DM, and altered
miRNA expression profiles are observed in a range of
different diseases.® More recently, numerous additional
miRNAs have been recognized as components of path-
ways triggered by, or contributing to, the pathology of
both type 1 diabetes mellitus as well as T2DM.%'°
Amongst these, miR-30a-5p and miR-182-5p have been
shown to play a role in regulatory pathways involved in
cardiovascular disease (CVD) and DM.'""'® Both miRNAs
have also displayed dysregulation in hyperglycaemic
individuals.'"* Comprehensive analysis of specific miRNA
signatures may shed light on the complex mechanisms
involved with the progression of DM. Therefore, in this
study, we aimed to investigate the expression of these two
miRNAs across glucose tolerance status in a South African
population previously reported to have a high prevalence
of undiagnosed diabetes.'”

Methods
Ethical Approval of the Study

This study was based on the Cape Town Vascular and
Metabolic Health (VMH) project, which has been
the of

Technology Research Ethics Committee, as well as the

approved by Cape Peninsula University
Stellenbosch  University Research Ethics Committee
(respectively, NHREC: REC — 230 408-014 and N14/01/
003). For this sub-study, ethical clearance was also sought
from, and granted by the CPUT Research Ethics
Committee (CPUT/HW— REC 2019/H3). The investiga-
tion was carried out in accordance with the Code of Ethics
of the World Medical Association (Declaration of Helsinki

2013). All participants provided informed written consent.

Study Population and Study Design

This was a cross-sectional study, in which quantitative meth-
ods were used to investigate the expression of miRNAs in
a total of 1270 subjects: 207 prediabetes, 94 screen-detected
diabetes and 969 normotolerant individuals. Participants in
the VMH study were enrolled between 2014 and 2016, from
Bellville South community in Cape Town, South Africa.
Participants without prior diabetes underwent an OGTT,
and diagnosed as either normortolerant, pre-diabetes, or
screen-detected diabetes, in accordance with World Health
Organization (WHO) guidelines.'® Other study procedures
which included anthropometric and blood pressure measure-
ments were described in detail previously.'” Blood glucose,
HbA Ic, insulin, lipids, ultra-sensitive C-reactive protein (us-
CRP) and serum cotinine levels were acquired in a routine
pathology laboratory.

MicroRNA Quantification by Real-Time
Quantitative-Polymerase Chain Reaction
(RT q-PCR)

MicroRNA was isolated from whole blood that had been
collected in a Tempus RNA tube (Applied Biosystems)
using the MagMax Total RNA isolation kit (ThermoFisher
Scientific) according to the manufacturer’s instructions. This
was then converted to cDNA using the TagMan MicroRNA
Reverse Transcription Kit (Life Technologies, USA) then
diluted 1:10 before determining the expression levels by
TagMan miRNA Assay primers on the QuantStudio 7 Flex
real-time PCR instrument (Life Technologies, USA) as per
manufacturer’s instructions. Data were obtained as Ct values
and normalised to an endogenous control (miR-16 5p). The
272 method was used to assess the miRNA expression level
in each sample whilst the 272" value was used as the
measure of the miRNA expression in each sample analysed

compared with control.'®

Statistical Analysis

Analysis of data was performed using SPSS v.25 (IBM
Corp, 2011). Count (and percentages), mean (and standard
deviation) or median (25th-75th percentiles) were used to
summarise variables. Baseline characteristics across glu-
cose tolerance subgroups were compared using the chi
square test, analysis of the variance (ANOVA), and
Kruskal-Wallis test.
adjusted for age, sex and body mass index (BMI) was
the the
and other variables. Multivariable logistic

Spearman’s partial correlations
performed to assess

miRNAs

relationship between
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regression models were used to evaluate the association of
the miRNAs with prediabetes or screen-detected DM, with
crude or adjusted odds ratio (OR). The area under the
receiver operating characteristic curve (AUC) was used
to assess and compare the ability of each miRNA to
predict the presence of prediabetes or DM. A p-value
<0.05 was used to characterize statistically significant
results.

Results
Descriptive Characteristics of

Participants

The basic characteristics according to sex are summarized in
Table 1. In all, 924 (72.8%) of participants were women and
were significantly older than men, mean age 49 versus 46
years, p=0.002. Women had significantly higher BMI, waist
and hip circumferences compared to their men counterparts
(all p<0.001). Fasting blood glucose, glucose 2-hour glu-
cose, HbAlc, and insulin were all significantly higher in
women (all of which, p<0.001). Lipid variables (HDL and
LDL cholesterol) were also significantly higher in women in
comparison to men (both p<<0.001). The expression levels of
the miRNAs did not differ significantly by sex.

Relative Expression of miR-30a-5p and
miR-182-5p

The relative expression of miRNAs 30a-5p and 182-5p is
illustrated in Figure 1. The expression levels of both
miRNAs were markedly elevated in prediabetes and dia-
betes when compared with normotolerants, as well as in
prediabetes compared to diabetes. miR-30a-5p was signif-
icantly upregulated in prediabetes versus NGT by 3.5-fold
(»<0.001), whilst miR-182-5p was upregulated by
3.2-fold, p<0.001. Both miRNAs showed decreased
expression in diabetes when compared to prediabetes
(both <0.58-fold), however this under-expression was sig-
nificant for miR-182-5p (0.49-fold, p=0.001), but not for
miR-30a-3p (0.58-fold, p=0.097).

Partial Correlations Between miR-30a-5p
and miR-182-5p and Biochemical
Characteristics According to Glycaemic

Status

Partial correlation coefficient analysis, adjusted for age, sex
and BMI was performed to examine the link between
miRNAs 30a-5p and 182—5p and other clinical variables.

A significant positive correlation was observed between
miR-30a-5p and miR-182-5p, across all glycaemic statuses
(r>0.932, p<0.001). In normotolerant individuals, miR-30a-
5p and miR-182-5p showed a negative correlation with the
waist circumference (r>-0.470, p<0.042) and positive corre-
lation with HDL-cholesterol (r>0.527, p<0.020). In indivi-
duals with prediabetes, only miR-30a-5p showed a positive
correlation with LDL-cholesterol (1=0.460, p=0.048), whilst
in newly diagnosed diabetes, both miRNAs correlated posi-
tively with hip circumference, 2-hour insulin, HDL- and
LDL-cholesterol. In addition, miR-30a-5p also showed posi-
tive correlations with systolic and diastolic blood pressures,
and Gamma GT (Table 2).

Multivariable Regression Analysis

When the normotolerant control was used as the reference
group, it was observed that both miR-30a-5p and miR-
182-5p were significantly associated with prediabetes and
diabetes. In the crude model, for prediabetes the odds ratio
(OR) was 2.24 (95% CI: 1.77-2.83 (»<0.001)) in relation
with miR-30a-5p and 1.33 (1.25-1.40, p<0.001) in relation
with miR-182-5p. For diabetes, the crude OR were 1.87
(1.40-2.50) in relation with miR-30a-5p and 1.18 (1.10—
1.28) in relation with miR-182-5p. These significant asso-
ciations remained when the models were adjusted for age,
sex, BMI, systolic blood pressure, HbAlc, triglycerides,
HDL-cholesterol and LDL-cholesterol. When the models
were repeated with prediabetes as reference, only miR-
182-5p was significantly associated with a reduced preva-
lence of diabetes (OR: 0.89, 95% CI: 0.83-0.96, p=0.003)
in the crude model, and this association remained signifi-
cant in multivariable models (all p<0.05; Table 3).

Diagnostic Performance of the miRNAs

for Prediabetes and Diabetes

Figure 2A and B show that both miRNAs could acceptably
discriminate prediabetes or dysglycaemia (combination of
diabetes and prediabetes) from normal glucose tolerance
with miR-182-5p outperforming HbAlc for prediabetes
diagnosis, AUC of 0.74 for miR-182-5p, compared to
0.69 for HbAlc (p=0.217) which was also similar for
miR-30a-5p. With regards to discriminating diabetes, the
miRNAs performed poorly, AUC’s < 0.61 (Figure 2C). In
addition, we examined whether the miRNAs could act as
markers to potentially discriminate between prediabetes
and diabetes and found that these performed poorly,
AUCs < 0.41 (Figure 2D).
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Table | Characteristics of the Study Participants

Women n=924 Men n=346 p-value

Age (years) 49 15 46 =15 0.002
Body mass index (kg/m?) 29.96 +8.14 23.97 +6.51 <0.001
Waist circumference (cm) 92.9 +17.01 83.77 +15.33 <0.001
Hip circumference (cm) 106.12 £16.7 93.24 +13 <0.001
Waist to Hip ratio 0.88 +0.09 0.9 +0.08 <0.001
Systolic blood pressure (mmHg) 134.58 +25.66 133.82 £27.06 0.645
Diastolic blood pressure (mmHg) 85.79 +14.68 83.27 +16.69 0.009
Glucose Fasting Blood (mmol/L) 4.9 (4.5;5.3) 4.8 (4.35;5.2) 0.001
Glucose 2-hour (mmol/L) 6.3 (5.2,7.7) 5 (4.1;6.45) <0.001
HbAlc (%) 5.82 +0.92 5.63 +0.69 0.001
HbAIc (mmol/mol) 40.13 +£10.03 38.08 £7.49 0.001
Fasting Insulin (mIU/L) 6.95 (4.6;10.8) 4.5 (2.7;,7.9) <0.001
2-hour Insulin (mIU/L) 42.6 (23.55;77.48) 21.4 (9.541.9) <0.001
Glucose tolerance status 0.009

Normotolerant, n(%) 684 (74.19) 285 (82.37)

Prediabetes, n(%) 165 (17.90) 42 (12.14)

Screen-detected Diabetes, n(%) 75 (7.92) 19 (5.49)
Triglycerides (mmol/L) 1.16 (0.82;1.61) 1.13 (0.85;1.71) 0.746
Cholesterol HDL (mmol/L) 1.38 +0.39 1.28 +0.38 <0.001
Cholesterol LDL (mmol/L) 3.24 £0.97 2.87 +0.96 <0.001
C-reactive Protein (mg/L) 4.2 (1.79;9.07) 2.79 (1.21;6.33) <0.001
Gamma glutamyl transferase (IU/L) 28 (19;42) 30 (22;49) 0.002
Cotinine (ng/mL) 35.10 (10.00; 274.00) 156.00 (10.00-290.50) 0.005
Currently smoking, n(%) 451 (50.62) 213 (63.96) <0.001
Current drinker, n(%) 245 (26.6) 149 (43.44) <0.001
miR-30a-5p (2-ACt) 0.0035 +0.0083 0.0037 £0.0075 0.684
miR-182-5p (2-ACt) 0.2002 +0.3198 0.1927 £0.2571 0.697

C-statistics for the discriminatory power

of regression  (0.782-0.846) and 0.835 (0.804-0.865) when miR-30a-

models to predict prediabetes and diabetes are shown in
Table 3, for model with covariates only, and for models
with covariates and miRNA of interest. Discrimination of
models always improved when miRNA were added to
models with covariates only. For instance, the model con-
taining age, sex, body mass index, systolic blood pressure,
HbAlc, triglycerides, HDL-cholesterol and LDL-
cholesterol had a c-statistic of 0.767 (0.732-0.802) for
the prediction of prediabetes. This increased to 0.814

5p and miR-182-5p were respectively added to the model.

Discussion

In this study, the profile of circulating miR-30a-5p and
miR-182-5p was determined in 1270 peripheral blood
mononuclear cell (PBMC) samples from individuals with
prediabetes, screen-detected diabetes and normal glucose
tolerance. Both miRNAs were markedly upregulated in
prediabetes compared to normotolerant by more than
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Figure | Relative Expression of miR-30a-5p (A) and miR-182-5p (B) according to glycaemic status. Normalization was relative to the expression of miR-16-5p. All Data is

shown as mean # standard deviation (SD).

3-fold. Similarly, in screen-detected diabetes, the miRNAs
were upregulated compared to normotolerants, but signifi-
The two
miRNAs were significantly correlated with each other, as
well as with HDL-cholesterol in age, sex and BMI
adjusted analysis. In the prediabetic group, miR-30a-5p

cantly downregulated versus prediabetes.

exhibited a significant positive correlation with LDL-
cholesterol, and additionally, in newly diagnosed diabetes,
both miRNAs showed positive correlations with LDL-
cholesterol, as well as systolic and diastolic blood pres-
sures. In multivariable logistic regression analysis both
miRNAs were associated with prediabetes or screen-
detected diabetes; however, only miR-182-5p was asso-
ciated with reduced prevalent diabetes when prediabetes
was used as a reference. Furthermore, miR-182-5p was

superior to miR-30a-5p and HbAlc in discriminating
between prediabetes and normal glucose tolerance, AUC,
0.74 and 0.69, respectively. Finally, the discrimination of
regression models to predict diabetes and prediabetes was
enhanced when miRNAs were added to models with cov-
ariates only.

Studies have established links between miRNAs 30a-5p
and 182-5p and CVD.""'? An investigation into possible
diagnostic biomarkers for unprotected left main coronary
artery disease (uULMCAD) revealed overexpression of cir-
culating miR-182 in uLMCAD patients, compared to
patients without coronary artery disease (CAD)."” In con-
fluence, our study also illustrated similar associations with
markers of CVD. Of all lipoproteins comprehensively stu-
died to be involved in CAD risk, LDL-cholesterol has been
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Figure 2 Receiver operating characteristic (ROC). ROCs were constructed for each miRNA and HbA ¢ to evaluate the diagnostic values for prediabetes, screen-detected
diabetes, the combination of both (dysglycaemia) as positive cases and normotolerant as negative cases, as well as for diabetes as positive cases and prediabetes as negative
cases. (A) Prediabetes versus normotolerant. (B) Dysglycaemia versus normotolerant. (C) newly diagnosed diabetes versus normotolerant. (D) screen-detected diabetes
versus prediabetes. For this figure panel, the reverse levels of miRNA were used to account for their declining levels from normal glucose tolerance to diabetes, and

accordingly obtaining ROC above the diagonal line of “no-discrimination”.

the chief target for preventive strategies.”” In our investiga-
tion, miR-30a-5p exhibited a significant positive correlation
with LDL-cholesterol in the prediabetic group, and both
miRNAs with LDL-
cholesterol in newly diagnosed diabetes. Additionally, in

showed positive correlations
newly diagnosed diabetes both miRNAs displayed positive
correlations with systolic and diastolic blood pressures.
Microvascular rarefaction, which is the loss of terminal
blood vessels, is consistent with hypertension.”'** The
miR-30 family have been revealed to play a role in the
regulation of arteriolar branching, and subsequent arteriole
blood pressure.”> Furthermore, the miR-30 family have
been linked with CVDs and have been proposed to act as
predictors for acute myocardial infarction (AMI)."
Therefore, the correlations found between both miRNAs
and CVD markers not only corroborate findings from
other independent studies, but further promote a possible
relationship with CVD risk assessment.

Human studies have suggested that altered miRNA
patterns probably precede or appear at the early stages of
diabetes.>> > For instance, in a cohort of children with

different durations of TIDM, levels of miR-454-3p were
significantly elevated in children diagnosed during the first
42 days compared to those with longer diagnosed duration
of the disease.”* In our study, both miR-30a-5p and miR-
182-5p were elevated in prediabetes and screen-detected
diabetes, however, the increase was more pronounced in
those with prediabetes. Similar to our findings, miR-182-
5p was shown was shown by Karolina and coworkers to be
down-regulated in T2DM and slightly upregulated in sub-
jects with impaired fasting glycaemia.”® Karolina et al
reported miR-182 to be a potential modulator of FOXO1,
with upregulation displayed in impaired fasting glycaemia.
Downregulation of the FOXO1 messenger RNA (mRNA)
in impaired fasting glycaemia was observed, with an upre-
gulation in T2DM.?® FOXO proteins are major targets of
insulin action, with FOXO1 mRNAs playing a key role in
mediating the effects of hepatic insulin resistance (IR)
signalling, by promoting glucose production.?’ These find-
ings suggest potential hepatic gluconeogenesis to have
a compensatory reduction in impaired fasting glycaemia,
whilst increased in T2DM.?° Additionally, high levels of
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miR-30a-5p were observed, and have been associated with
a higher risk of T2DM development.'® Similar to our
findings, the CORPIOPREV longitudinal study described
elevated levels of miR-30a-5p in prediabetic subjects com-
pared to normotolerant individuals, and that levels rose
several years before the development of diabetes.'” In
another study conducted by Kim et al, miR-30a-5p was
shown to mediate beta-cell dysfunction induced glucotoxi-
city by suppressing Beta2/NeuroD gene expression in rats,
led to
dysfunction.”® Persistent exposure of pancreatic beta-cells

and over-expression pancreatic  beta-cell
to elevated glucose levels results in the subsequent inhibi-
tion of glucose-induced insulin secretion, insulin gene
expression impairment, as well as induced beta-cell
death.”” Consequently, the inhibition of miR30a-5p in
this animal model was shown to exhibit a protective effect
on pancreatic islets and improved glucose tolerance.”®

Despite the introduction of HbAlc in the diagnosis of
prediabetes and diabetes, it has not improved the identification
of these conditions due to various factors such as differences in
ethnic thresholds, haemoglobinopathies and anaemia.>® Thus,
the development of new biomarkers that would allow early
and confident identification of patients is desirable. In this
regard, circulating miRNAs that are known to be robust and
stable in human body fluids have led to their investigation as
potential biomarkers in many pathologies including DM. In
our study, we have shown that the increased circulating levels
of miR-30a-5p and miR-182-5p in whole blood have the
potential to predict these conditions. However, when compar-
ing the AUC of the ROC curves, we observed that these
miRNAs performed poorly in predicting diabetes, but miR-
182-5p exhibited greater potential to predict prediabetes. The
AUC of miR-182-5p was higher than that of HbAlc for
prediabetes, illustrating the diagnostic potential the miRNA
possesses for intermediary glycaemic statuses. However, this
diagnostic capability was inferior to that of HbAlc for screen-
detected diabetes, and dysglycaemia as a whole. Nevertheless,
our findings suggest that miR-182-5p has a potential use in
clinical practice, as no known interferences with haemoglobi-
nopathies or anaemia have been reported. Indeed, miR-30a-5p
and miR-182-5p improved the predictive power of models
based upon clinical or biochemical parameters for the outcome
of prediabetes or diabetes.

A strength of this study is the large sample-size used
compared to other studies, however, limited by the dispro-
portionate representation of women versus men. Total
RNA used for miRNA expression analysis was extracted
from whole blood, while other studies used serum/plasma.

Expression levels may vary between different tissue types,
ultimately limiting accurate comparisons with studies that
have used different tissues.

Conclusions
In conclusion, our study has revealed an important associa-
tion between both miRNAs, more so miR-182-5p, and pre-
diabetes ability to
discriminate from

and their potential significantly

prediabetes normoglycaemia.
Furthermore, our findings suggest that these miRNAs
added to the predictive power of other known risk markers
to predict diabetes or prediabetes. This discovery warrants
validation in other study settings, to sanction the use of this
miRNA in glucose tolerance screening, for risk estimation

and classification.
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