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Abstract
Background: This study tested the association between serum levels of microRNA-486, -146b and -15b and betatrophin in normal and obese
children with/without type 2 diabetes mellitus (T2DM).

Methods: the study included 120 children; divided into three groups: G1 (50 healthy), G2 (35 obese) and G3 (35 obese with T2DM). The
levels of microRNA-486, 146b and 15b and serum betatrophin were measured by their corresponding methods.

Results: serum microRNA-486, -146b, -15b and betatrophin levels were signi�cantly high in G3 followed by G2 then G1 (p=0.002, >0.001,
>0.001, and >0.001, respectively). Especially in G3, these levels correlated positively with the BMI percentile (r=0.44, 0.58, 0.38, and 0.46,
p=0.007, >0.001, 0.021, and 0.005, respectively), serum glucose (r=0.56, 0.49, 0.82, 0.60, and 0.42, p>0.001, 0.003, >0.001, and >0.001,
respectively) and HbA1c% (r=0.56, 0.39, 0.66, and 0.42, p>0.001, 0.019, >0.001, and 0.032, respectively) while, showed negative correlations
with correlated with serum insulin levels (r=-0.37, -0.42, -0.58, and -0.41, p=0.021, 0.012, >0.001 and 0.013, respectively) and with serum C-
peptide levels (r=-0.76, -0.50, -0.35 and -0.42, p>0.001, 0.002, 0.036 and 0.011, respectively). Serum betatrophin levels correlated positively
with microRNA-486, -146b and -15b levels in G2 (r=0.35, 0.80, and 0.67, p= 0.036, >0.001, and,>0.001, respectively), and in G3 (r=0.57, 0.36,
and 0.38, p >0.001, 0.029 and, 0.023, respectively).

Conclusions: Circulating microRNA-486, 146b and 15b increase signi�cantly in obese children with T2DM and these levels correlate
positively with serum betatrophin levels. Further studies are required to test the role of targeting of these microRNAs and betatrophin in the
timely management of obesity and/or T2DM in children.

Background
Obesity is a global health hazard that is associated with a variety chronic diseases or syndromes such as hypertension, coronary artery
diseases, diabetes mellitus and cerebral stroke [1,2]. Due to the alarming increased number of obese children, the World Health Organization
had considered the childhood obesity as a major confrontation of the current century [2]. Globally, more than 43 million children are either
overweight or obese [3]. These conditions affect more than 30% of children in Saudi Arabia [4].

The increasing prevalence of childhood obesity is accompanied by a future risk of developing type II diabetes mellitus (T2DM) in adults [5,6]
or maturity onset diabetes of the young [7]. The actual mechanisms involved in the development of childhood obesity and its consequences
are not completely understood which impedes the timely management of these complications [5]. Many studies were done aiming at �nding
a valid marker for early detection and treatment of obesity and consequences.

MicroRNAs are short non-coding RNA molecules (≈25 nucleotides in length) that in�uence many cellular aspects such as metabolism, cell
growth, and programmed cell death [8,9]. They negatively regulate mRNAs translation or enhance their degradation [9]. Abnormal expression
of microRNAs participates in the pathogenesis of many adverse events such as obesity, dyslipidemias, impaired glucose tolerance and
diabetes mellitus [5, 10-12]. The exact role of microRNAs in obese and/or diabetic children is still under investigations. MicroRNA-486, 146b
and 15b are well-known contributors in the enhancement of preadipocyte growth and the development of obesity and insulin receptor down-
regulation [5]. Also, they have a negative impact on the functions of beta cells of Langerhans, glucose uptake and/or insulin signaling
pathway and so, may lead to the development of diabetes mellitus [5, 11].

Betatrophin (ANGPTL8; MW; 22KDa) is a hormone that has an important role in both glucose and lipid metabolism [13,14]. Its expression
occurs mainly in liver cells and adipose tissues [13]. Previous studies that tested the association of serum betatrophin levels with glucose
levels, insulin resistance and other metabolic parameters in obese and/or adult subjects with T2DM, revealed controversial results [15-21].
So far, a small number of studies tested this association in children with obesity and/or T2DM [21].

The current study measured the relative expressions of circulating microRNAs 486, 146b and 15b and serum levels of betatrophin in obese
children with/without T2DM and compared them with those in a healthy control group. Also, it evaluated the association between serum
betatrophin levels and these microRNAs and their correlations with different metabolic and anthropometric parameters to support or exclude
the therapeutic bene�t of these microRNAs and betatrophin or their antagonists in the management of children with obesity and/or T2DM.

Methods
The study protocol was evaluated and approved by Qassim University medical ethics committee (approval # 3366-mduc-2018-1-14-S). The
study was done in the biochemistry unit, Unaizah College of medicine, Qassim University, KSA in cooperation with the pediatrics and
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diabetes outpatient clinics between August 2018 and April 2019. It included 120 children (80 males and 40 females), aged between 6 and 14
years. A written informed consent was taken from all study participants’ parents.

A complete medical history was taken, and clinical examinations were done for all participants. The heights and weights of the participants
were collected by a trained nursing staff. The heights were considered after taking off the child’s shoes to the nearest 0.5 cm and the
weights were measured to the nearest 100 g also after taking off the shoes and in light clothes.  The children body mass index (BMI) was
calculated by the equation: BMI = Weight in Kg/ height (m2). The child was considered of normal weight when his BMI was between the 5th

and 85th percentile for age and obese when his BMI was < 95 percentile for age [4, 22].

The eligible children were divided into 3 groups. G1; included 50 healthy children, G2; included 35 obese non-diabetic children and G3;
included 35 obese children who were known to have T2DM according to their previous investigation (blood glucose concentration ≥ 200
mg/dL in venous plasma, fasting blood glucose ≥ 126 mg/dL, two-hours blood glucose during oral glucose tolerance test ≥ 200 mg/dL or
hemoglobin A1c (HbA1c) ≥ 6.5% for diagnosis of diabetes mellitus together with normal or high insulin and/or C-peptide levels) [23].
Children with T2DM Children in G3 were managed by life-style modi�cations ± metformin treatment.

The child was excluded from the study when his parents refused to participate or when the child presented with any confounding condition
such as type 1 diabetes mellitus, an endocrine disease (e.g. thyroid disorders, Cushing), or a systemic disease (e.g. neurological, hepatic,
renal or cardiovascular) [5].

Seven mL venous blood sample was collected from each participant after 10 hours of an overnight fasting. Four mL was collected in tubes
containing EDTA and centrifuged for 8 minutes in a cool centrifuge (3000 rpm) to collect the plasma. Two mL of them was used to measure
HbA1c% by its corresponding kit. The other 2 mL was used to measure the microRNAs relative expressions was done as previously
described by Cui et al. (2018) [5]. Brie�y, the plasma was then taken and stored in aliquot at -80°C. From 500μL plasma, the total RNA was
extracted by a Trizol-based miRNA isolation (ThermoFisher scienti�c, USA, Cat. No:15596-018) according to the accompanied protocol.
TaqMan® MicroRNA Reverse Transcription Kit (Applied Biosystems, CA, USA, Cat. No: 4366596) and High Capacity cDNA Reverse
Transcription Kit (Applied Biosystems, CA, USA, Cat. No: 438814) were used for RT-qPCR from 5 ng total RNA samples using speci�c
microRNAs 486, 146b and 15b stem-loop primers. The synthetic cel-miR39 was added the sera (10-4pmol/μL) prior the microRNAs isolation
for their quanti�cation control. To calculate the differences of expression level for each of the studied microRNAs among samples, the 2-
ΔΔCT method for relative expressions was used [5].

The remaining 3 mL of sample was centrifuged at 1200xg for 10 min then the sera were collected into labeled Eppendorf tubes and kept at
-80 °C till analysis of other parameters. Serum betatrophin levels were measured by Human C19orf80 (Betatrophin) ELISA Kit (MyBioSource,
Inc. San Diego, CA, USA, Catalog No: MBS761140). Serum fasting glucose, total cholesterol, HDL-c, LDL-c and triacylglycerols were
measured by using routine procedures in the outpatient clinics laboratory.

The data were collected and analyzed by SPSS version 25. The expression of the continuous variables was as mean±SD. The comparison
of means between the three studied groups was done using the one-way ANOVA. The correlations between microRNAs relative expressions,
betatrophin and other variables were tested by Pearson correlations coe�cient. The p-Value was considered signi�cant when ≤0.05. The
ROC was done to test the e�cacies of the relative expressions of microRNA 486,146b and15b and serum betatrophin levels in
differentiating obese non-diabetic children from obese children with T2DM.

Results
The relative expressions of microRNAs 486, 146b and 15b and serum levels of betatrophin were signi�cantly higher in G3 and G2 when
compared with G1 and in G3 when compared with G2 (table 1). Similar results were found regarding BMI percentile, the levels of serum
glucose, insulin, C-peptide, HbA1c%, and triacylglycerol (table 1).

Table 1: Comparison of different studied variables (mean ± SD) among G1, G2 and G3
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  G1
(healthy, n=50)

G2
(obese, n=35)

G3
(obese with T2DM, n=35)

p-Value
 

G1Vs G2 Vs G3 G2 Vs G1 G3 Vs G1 G3 Vs G2
Age (years) 9.31±1.47 9±1.77 9.59±1.40 0.273 0.38 0.36 0.12
Gender

Male 
Female

 
31 (62%)
19 (38%)

 
27 (77%)
8 (23%)

 
22 (63%)
13 (37%)

0.294  
0.16

 
0.78

 
0.29

BMI percentile 81.0±1.2 96.8±1.6 96.7±1.4 <0.001 <0.001 <0.001 0.935
Glucose (mg/dL) 96.46±8.78 101±15.40 116.65±18.76  0.006 0.08 0.004 0.04
Insulin (μg/mL) 10.16±1.48 10.50±0.69 11.20±0.93 0.037 0.20 0.002 0.014
C-Peptide(ng/mL) 2.98±0.43 3.13±0.21 3.21±0.28 0.007 0.02 0.008 0.09
HbA1c (%) 4.17±0.21 4.85±0.99 7.32±2.62 <0.001 0.001> 0.001> 0.001>
Cholesterol (mg/dL) 188.79±21.26 190.14±26.75 196.45±26.49 0.34 0.79 0.14 0.32
HDLc (mg/dL) 39.30±1.82 36.91±8.12 35.61±10.40 0.06 0.09 0.04 0.55
LDLc (mg/dL) 127.43±20.12 131.39±25.95 135.72±22.23 0.252 0.43 0.08 0.45
TAG (mg/dL) 110.32±22.43 111.17±18.56 125.61±20.65 0.001 0.80 0.002 0.001
miR-486R  1.52±0.38 2.11±0.25 2.71±0.29 0.002 0.003 0.001> 0.001
miR-146bR 2.42±0.58 3.01±0.18 3.54±0.24 0.001> 0.001> 0.001> 0.001>
miR-15bR 3.82±0.56 4.32±0.27 5.10±0.36 0.001> 0.001> 0.001> 0.001>
Betatrophin (ng/mL) 47.17±6.85 54.54±17.67 71.68±29.63 0.001> 0.001> 0.001> 0.001>

SD: standard deviation, T2DM:  type 2 diabetes mellitus, BMI: body mass index, HDLc: high density lipoprotein cholesterol, LDLc: low density
lipoprotein cholesterol, HbA1c: glycated hemoglobin, TAC: triacylglycerol, microR-486R: microRNA 486 relative expression, miR-146bR: microRNA
146b relative expression, miR-15bR: microRNA 15b relative expression.

 

Correlations (table 2, Figures 1 &2)

Correlation of circulating microRNAs relative expressions and serum betatrophin levels with the other studied parameters in the three groups
is shown in table (2).

miR-486R showed signi�cant positive correlations with BMI percentile and with fasting serum glucose levels (G1, G2 and G3), with HBA1c%
(G2 and G3) and with triacylglycerols (G3). On the other hand, it showed signi�cant negative correlations with HDLc (G2), with serum insulin
levels (G1, G2 and G3) and with serum C-peptide levels (G2 and G3).

miR-146bR showed signi�cant positive correlations showed signi�cant positive correlations with BMI percentile, with fasting serum glucose
levels and with HBA1c% (G2 and G3) and with triacylglycerols (G3). While, it showed signi�cant negative correlations with HDLc (G2), with
serum insulin levels and with serum C-peptide levels (G2 and G3).

miR-15bR showed signi�cant positive correlations showed signi�cant positive correlations with BMI percentile, and with fasting serum
glucose levels (G2 and G3), and with HBA1c% (G1, G2 and G3). These relative expressions showed signi�cant negative correlations with
HDLc (G2), with serum insulin levels (G1, G2 and G3) and with serum C-peptide levels (G2 and G3).

Serum betatrophin levels showed signi�cant positive correlations showed signi�cant positive correlations with BMI percentile, with fasting
serum glucose levels, and with HBA1c% (G1, G2 and G3) and with TAG levels (G3). On the other hand, these levels showed signi�cant
negative correlations with serum insulin levels and with serum C-peptide levels (G3).

The signi�cant correlations among serum betatrophin levels and the relative expressions of miR-486, -146b and 15b in G2 and G3 are
shown in �gure 1 and 2. Non-signi�cant correlations were noticed among them in G1.

Table 2:  Correlation of circulating microRNAs relative expressions and serum betatrophin levels with the other studied parameters in the
three groups
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  BMI
percentile

Cholesterol
(mg/dL)

 

Glucose
(mg/dL)

 

HDLc
(mg/dL)

 

LDLc
(mg/L)

 

HbA1c
(%)

 

TAG
(mg/dL)

 

Insulin
(μg/mL)

 

C-
Peptide
(ng/mL)

 

G1

(healthy,
n=50)

miR-486R r 0.282* 0.205 0.323* 0.078 0.167 0.271 0.190 -0.293* -0.176

p 0.048 0.154 0.022 0.590 0.247 0.057 0.186 0.039 0.223

miR-146bR r -0.056 -0.014 0.049 0.126 -0.043 -0.171 0.075 -0.135 -0.156

p 0.701 0.921 0.736 0.383 0.765 0.235 0.604 0.351 0.279

miR-15bR r 0.254 0.088 0.130 0.104 0.067 0.377** 0.073 -0.450** -0.235

p 0.075 0.546 0.368 0.472 0.645 0.007 0.616 0.001 0.100

Betatrophin
(ng/mL)

r 0.335* -0.087 0.339* -0.196 -0.013 0.316** -0.275 0.064 0.053

p 0.017 0.548 0.016 0.172 0.930 0.049 0.063 0.661 0.713

G2

(obese,
n=35)

miR-486R r 0.335* 0.073 0.691** -0.510** 0.238 0.785** -0.022 -0.554** -0.424*

p 0.049 0.675 0.000 0.002 0.168 0.000 0.902 0.001 0.011

miR-146bR r 0.673* -0.288 0.397* -0.362* -0.154 0.493** -0.205 -0.314** -0.332*

p 0.000 0.094 0.018 0.033 0.378 0.003 0.237 0.046 0.041

miR-15bR r 0.454* -0.291 0.483** -0.359* -0.152 0.551** -0.249 -0.359* -0.344*

p 0.018 0.090 0.003 0.034 0.383 0.001 0.150 0.034 0.043

Betatrophin
(ng/mL)

r 0.376* -0.293 0.392* -0.242 -0.206 0.363* -0.146 -0.237 -0.124

p 0.026 0.087 0.020 0.161 0.236 0.041 0.403 0.171 0.579

G3

(obese
with
T2DM,
n=35)

miR-486R r 0.446** 0.086 0.564** 0.125 0.032 0.561** 0.785** -0.371* -0.765**

p 0.007 0.621 0.000 0.473 0.855 0.000 0.000 0.021 0.000

miR-146bR r 0.588** -0.077 0.495** 0.067 -0.127 0.395* 0.421* -0.427** -0.502**

p 0.000 0.661 0.003 0.703 0.466 0.019 0.012 0.012 0.002

miR-15bR r 0.388* -0.019 0.824** 0.218 -0.102 0.669** 0.283 -0.583** -0.355*

p 0.021 0.912 0.000 0.209 0.558 0.000 0.099 0.000 0.036

Betatrophin
(ng/mL)

r 0.461** 0.077 0.601** 0.116 0.043 0.428* 0.458** -0.410* -0.425*

p 0.005 0.660 0.000 0.506 0.807 0.032 0.006 0.013 0.011

 
**Correlation is signi�cant at the 0.01 level (2-tailed)

*Correlation is signi�cant at the 0.05 level (2-tailed).

T2DM: type 2 diabetes mellitus, BMI: body mass index, HDLc: high density lipoprotein cholesterol, LDLc: low density lipoprotein cholesterol,
HbA1c: glycated hemoglobin, TAC: triacylglycerol, microR-486R: microRNA 486 relative expression, miR-146bR: microRNA 146b relative
expression, miR-15bR: microRNA 15b relative expression.

The e�cacy of circulating microRNAs 486, 146b and 15b relative expressions and serum betatrophin levels in differentiating non-diabetic
obese children from obese children with T2DM is illustrated in �gure 3. The areas under ROC were 0.61, 0.54, 0.62 and 0.59, respectively.

Discussion
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Childhood and adolescent obesity are escalating global health challenges with a growing risk of the development of T2DM in these age
groups or in their adulthood [2,3, 5-7].  The increased prevalence of childhood obesity was recognized mainly in developed and developing
countries including the Saudi Arabia [4,23]. Finding markers for early diagnosis and/or treatment of obesity and its complication was a
target for many previous studies. So far, few studies had tested the role of microRNAs and betatrophin in obese children with/without
T2DM.

MicroRNAs are small non-coding RNAs that regulates the gene expression post-transcriptionally either by preventing the translation of their
targeted mRNAs or by degrading them [9]. They have a recognizable role in pathogenesis, prevention and diagnosis of many diseases
including obesity and diabetes mellitus [5,10-12]. In the current study, the circulating microRNA-486, -146b and -15b levels are found to be
higher in obese children with/without T2DM than the healthy control. Also, the levels of these microRNAs correlate positively with the BMI,
serum fasting glucose and HbA1c% especially in the obese children with/without T2DM. These �ndings may emphasize their important
roles as metabolic regulators and in the pathogenesis of obesity and T2DM which is in accordance with the results of many previous
studies [5,24,25]. White adipose tissue is a major source for these microRNAs in obese children [26]. MicroRNA-486 and 146bare well-known
contributors in the enhancement of preadipocyte growth and the development of obesity [5,25].

The positive correlations of these microRNAs with serum fasting glucose and HbA1c% and negative correlations with serum insulin levels
(microRNA-486 and 15b) re�ects their negative impact on the function of beta cell of Langerhans [5] and/or insulin signaling pathway (i.e.
insulin resistance) [11]. MicroRNA-486 markedly decreases the glucose uptake by myotubes [5]. MicroRNA-146b affects the preadipocyte
differentiation by targeting the Krueppel-like-factor-7 transcription factor. This factor has a role in the progress of T2DM either by the
repression of insulin synthesis or by deregulation of adipocytokine synthesis in fat cells [26,27]. Also, microRNA-146bpromotes the
myogenic differentiation in a way that may predispose to insulin resistance [28]. Yang et al. [2015] found an increased expression of
microRNA-15b in obese mice and this was associated with insulin receptors down-regulation in the liver cells of models with T2DM [29]. The
microRNA-15b binds the 3’ untranslated region of the insulin receptor mRNA preventing its translation and enhances its degradation which
eventually leads to impairment in the insulin action i.e. insulin resistance [29].

Regarding the e�cacies of the circulating microRNA486, 146b and 15b in differentiating children with T2DM from non-diabetic children, the
areas under the ROC are much less in the current study (0.61, 0.54 and 0.62, respectively) when compared to the results of the study
conducted by Cui et al. [2018] (0.923, 0.882 and 0.969, respectively) [5]. So, our results, in contrast to Cui et al. (2018), who suggest that the
use of the relative expression of only one of these microRNAs is not satisfactory to differentiate children with T2DM from non-diabetic
children. This may be attributed to the difference in the type and the size of the sample between the two studies. In the current study the
subjects are only children and the sample size is 120 subjects; 35 of them are diabetic. While, in the aforementioned study, the subjects were
both adults and children and the sample size was about 718 subjects, 101 of them are diabetic [5]. The use of a combination of more than
one microRNA levels or their combination with serum betatrophin levels may increase the e�cacy of them in distinguishing children with
T2DM from non-diabetic children. This may be more logic if we consider the complex, multifactorial nature of the pathogenesis of diabetes
mellitus.

Betatrophin is a peptide hormone that was wrongly proposed to increase the beta cell proliferation and mass expansion [13]. The treatment
of the human beta cells of Langerhans with betatrophin had failed to induce their division which led to the retraction of this proposition later
on [13,30]. Betatrophin plays signi�cant roles in both glucose and lipid metabolism [31].  Many studies had investigated betatrophin levels in
obese and/or diabetic subjects and the results were controversial [15-21]. The current study �nds signi�cant higher levels of serum
betatrophin in obese children with/without T2DM than the healthy group and these levels correlated positively with the BMI, serum fasting
glucose and HbA1c%. These increased levels might be a compensation for the increased insulin requirement in the obese children
with/without T2DM and are in agreement with �ndings of Fu et al. [2014] and Al-Daghri et al. [2016] [19,22]. Also, Yamada et al. [2015]
reported higher levels of serum betatrophin levels in cases with T2DMthan the healthy group[32]. Moreover, Abu-Farha et al. [2016] found
increased serum betatrophin levels in obese individuals. These high levels declined markedly after three months of muscular exercise and
so, they proposed a therapeutic role of reducing betatrophin in obese subjects [16].

On the other hand, the results of the present study are in contrast to the �ndings of Gomez-Ambrosi et al. [2014] who disclosed a decrease in
serum betatrophin in obese individuals and this decrease was more evident when the obesity is associated with T2DM [18]. Also, the results
of the current work are contradicting the results of Tuhan et al. [2016] who found lower levels of circulating betatrophin in obese individuals
when compared to the healthy group and these levels correlated negatively with serum insulin levels [21]. In another study, Fenzl et al. [2014]
found no correlation between serum betatrophin levels and blood glucose and insulin levels in obese adults [15].

In conclusion, circulating microRNA-486, 146b and 15b and serum betatrophin levels increase in obese children and this increase is much
higher when the obesity is associated with T2DM. These levels correlate positively with the BMI centile, fasting serum glucose levels and

https://www.ncbi.nlm.nih.gov/pubmed/?term=Yamada%20H%5BAuthor%5D&cauthor=true&cauthor_uid=25753914
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glycosylated hemoglobin percentage while negatively correlated with serum insulin levels (486 and 15b). Targeting these microRNAs or
betatrophin may have a bene�cial role in controlling obesity and/or T2DM in children.

Conclusion
Circulating microRNA-486, 146b and 15b and serum betatrophin levels increase in obese children and this increase is much higher when the
obesity is associated with T2DM. These levels correlate positively with the BMI centile, fasting serum glucose levels and glycosylated
hemoglobin percentage while negatively correlated with serum insulin levels (486 and 15b). Further studies are required to test the role of
targeting of these microRNAs and betatrophin in controlling obesity and/or T2DM in children.
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Figures

Figure 1

Correlations between serum betatrophin levels and microRNAs 486, 146b and 15b relative expressions in G2 and G3.
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Figure 2

Correlations between the studied microRNAs relative expressions in G2 and G3.
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Figure 3

E�cacy of microRNAs relative expression and serum betatrophin in distinguishing non-diabetic obese children from obese children with
T2DM. AUC: area under the ROC.


