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Purpose: MicroRNAs (miRNAs) are implicated in metabolic changes accompanying pro-
gression of obesity, insulin resistance (IR), and metabolic disorders in children. Identifying 
circulating miRNAs that uniquely associate with these disorders may be useful in early 
identification and prevention of obesity-related complications. We aimed to identify circulat-
ing miRNA signatures that distinguish adolescents with obesity and IR from those with 
obesity unaccompanied by IR.
Methods: Adolescents (aged 10–17 years) with obesity were recruited from a weight 
management clinic. Fasting serum samples were obtained from 33 participants. A total of 
179 miRNAs were queried by a quantitative RT-PCR-based miRNA focus panel. 
Differentially expressed miRNAs were compared between groups using Student’s t-test or 
one-way ANOVA analysis, and the association between IR evaluated by homeostatic model 
assessment model (HOMA-IR > 4) and body mass index (BMI) status was assessed using 
Pearson’s correlation analysis.
Results: We found an expression pattern consisting of 12 elevated miRNAs linked to IR in 
obese adolescents. miR-30d, -221, and -122 were significantly correlated with clinical and 
biochemical markers of obesity and IR, suggestive of IR in adolescents at risk.
Conclusion: Specific signatures of circulating miRNAs reflected metabolic phenotypes and 
predicted the presence of IR in adolescents with obesity, suggesting that miRNA indicators 
may identify obesity-associated complications in childhood. Further studies will be needed to 
understand cause versus effect and the mechanisms by which IR status links to changes in 
blood miRNA profiles.
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Introduction
Obesity is a complex and multifactorial disease characterized by excessive accu-
mulation of body fat. Recent National Health and Nutrition Examination Survey 
revealed that the prevalence of childhood obesity in the United States was higher 
(20.6%) in adolescents aged 12–19 years than children aged 2–5 years (13.9%),1 

with severe obesity accounting for 5.6% in the youth. Pediatric obesity is linked to 
metabolic disturbances, which also increases risk for further complications in 
adulthood, eg, insulin resistance (IR), non-alcoholic fatty liver disease (NAFLD), 
and type II diabetes (T2D).2,3 The degree of obesity classified by BMI percentile 
does not offer adequate information related to predicting or diagnosing obesity- 
related comorbidities,4 as not all children with obesity display metabolic disease. 
As a result, there is a critical need for early identification of the obesity-associated 
complications.
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Obesity can induce various pathological changes in insu-
lin-sensitive tissues (ie, adipose tissue, liver, skeletal mus-
cle), and lead to localized inflammation and IR via autocrine 
and paracrine signaling.5 Obesity-associated chronic inflam-
mation is a critical component in the pathogenesis of IR and 
development of metabolic disorders. Children with obesity 
and IR are more likely to develop metabolic diseases later in 
life.6 However, the molecular mechanisms linking obesity 
and IR in childhood are not entirely clear.

MicroRNAs (miRNAs) are a type of small non-coding 
RNA (about 19–24 nucleotides) that regulate metabolic path-
ways by translational repression or messenger RNA 
(mRNA) degradation at the post-transcriptional level.7 In 
the human genome, miRNAs regulate over 60% of protein- 
coding genes at the translation level8 and affect almost all 
metabolic pathways, where they act as a class of endocrine 
factors and molecular regulators involved in physiological 
and pathological processes.9 Dysfunction of miRNAs in 
tissues or systems can influence energy metabolism, insulin 
sensitivity, and glucose homeostasis, thus contributing to 
metabolic disorders and related diseases, eg, obesity, IR, 
NAFLD, T2D.10–12 Therefore, mechanistic investigations 
in animal and human studies have proposed miRNAs as 
potential biomarkers to aid in the prediction, diagnosis, and 
prognosis of obesity or metabolic diseases.13

Circulating miRNAs originate from cells or tissues and 
are released into the circulation where they can be found 
packaged in extracellular vesicles (EVs)14 or bound to lipo-
proteins or Argonaute-2 (AGO2).15 Via the circulation, they 
can reach and affect the metabolism of distant organs and are 
thought to contribute to the pathogenesis, development, and 
progression of obesity and its related chronic diseases. Select 
circulating miRNAs appear to be associated with obesity, eg, 
miR-140, -142, -125, and -423,16 or with obesity-related 
metabolic disturbances, eg, miR-122 and -34 with NAFLD 
and IR,17 and miR-103 and -107 with T2D and IR18 in 
children and adults. These miRNAs promote adipogenesis, 
adipocyte differentiation, and insulin resistance in insulin- 
sensitive tissues. In these clinical studies, the comparisons of 
differentially expressed miRNAs have always been with 
healthy weight or non-disease controls, in which there is 
a low miRNA abundance in biofluids. So, it is uncertain if 
these miRNA changes reflect the degree of pediatric obesity 
and its progression, and recapitulate risk factors for develop-
ing obesity-related complications.

Here, we determined if there are unique circulating 
miRNA signatures that indicate IR in a group of adolescents 
with obesity. Moreover, we also assessed the relationship 

between miRNAs and BMI values. The results may provide 
new insights into potential molecular mechanisms linking 
obesity and IR in adolescents, and highlight the potential of 
using miRNA-based biomarkers for prediction, diagnosis, 
and treatment of obesity-related metabolic disorders.

Materials and Methods
Study Design
This study was a secondary analysis of data collected to 
examine the role of Fibroblast Growth Factor 21 in the 
diagnosis of Non-Alcoholic Fatty Liver Disease (NAFLD) 
and prediction of changes in intrahepatic triglyceride percent 
in children with obesity.19 The study was approved by the 
Institutional Review Board of the University of Arkansas for 
Medical Sciences. Parental consent and participant assent 
from all participants < 18 years old were obtained.

Study Population
Children and adolescents aged 10−17 years were recruited 
from the Center for Obesity and its Consequences in Health 
(C.O.A.C.H.) Clinic, a clinical weight management program 
at the Arkansas Children’s Hospital, Little Rock, AR. 
Inclusion criteria were the presence of obesity as defined 
by age and sex-specific body mass index (BMI) ≥ 95th 

percentile per CDC growth charts, and attainment of puberty 
(minimum Tanner stage 2 as verified by a pediatric endocri-
nologist). Exclusion criteria were syndromic obesity, dia-
betes, liver disease including prior diagnosis of NAFLD, 
medications known to have a direct effect on hepatic lipid 
metabolism and glucose homeostasis (eg, metformin, statins, 
fibrates, steroids, thyroid hormones, growth hormones, hor-
monal contraceptives). Only those with available blood 
samples to measure miRNA profiles (N=33) were included 
in this secondary analysis.

Anthropometrics
The participants were characterized based on anthropometric 
measures, including BMI, BMI z-score (z-BMI), BMI per-
centile, and waist circumference (WC). Using a calibrated 
scale and stadiometer, weight and height were measured and 
rounded to the nearest tenth of a kilogram or a hundredth of 
a meter, respectively. Standard CDC growth charts were 
used to plot height and weight and calculate BMI, z-BMI, 
and BMI percentiles. WC (in centimeter) was measured 
using a non-elastic tape measure at the level of umbilicus 
while the subjects were standing.
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Blood Analytes
Blood samples were obtained by venipuncture after 8- to 10- 
hour overnight fasting to measure serum concentrations of 
glucose, insulin, triglycerides (TG), high-density lipoprotein- 
cholesterol (HDL-C), low-density lipoprotein-cholesterol 
(LDL-C), and total cholesterol (TC) via a clinical analyzer 
(Siemens Atellica, Malvern, PA, USA) at the Arkansas 
Children’s Hospital Chemistry Laboratory. Serum adiponectin 
(Human Total Adiponectin/Acrp30 Quantikine) and leptin 
(Human Leptin Quantikine) concentrations were measured 
via ELISA per manufacturer’s instructions (R&D Systems, 
Minneapolis, MN, USA) in the Metabolism and Bioenergetics 
Core at the Arkansas Children’s Research Institute (ACRI). 
Fasting free fatty acids (FFA) were measured via chemistry 
analyzer (Randox Daytona, Holliston, MA, USA) in the 
Metabolism and Bioenergetics Core at the ACRI.

Indices of Insulin Resistance
Whole-body and tissue-specific insulin actions were indir-
ectly assessed by i) homeostatic model assessment of insulin 
resistance (HOMA-IR) calculated as fasting insulin (µIU/L) 
× fasting glucose (mmol/L)/22.5;20 ii) HOMA of adiponectin 
(HOMA-AD) calculated as fasting insulin (µIU/L) × glucose 
(mmol/L) divided by adiponectin (ng/mL);21 iii) triglycerides 
to high-density lipoprotein cholesterol (TG/HDL-C);22 iv) 
adiponectin to leptin ratio (adiponectin/leptin ratio), and v) 
adipose tissue IR (Adipo-IR) calculated as fasting free fatty 
acid (mmol/L) × fasting insulin (µIU/L).23 In the literature, 
IR assessed by HOMA and the euglycemic clamp, which is 
the standard reference test to quantitate IR, demonstrate 
a good correlation,24 In this study, IR was defined based on 
a HOMA-IR cut-off point of 4.0.25,26

Serum RNA Extraction and miRNA 
Profiling
miRNA was extracted from 200 µL serum using miRNeasy 
Serum/Plasma Kit (Qiagen, Valencia, CA, USA) per manu-
facturer’s instructions. RNA extraction was finally eluted in 
14 µL. One microliter of RNA was reverse transcribed using 
the miRCURY LNA RT Kit (Qiagen). Samples were ampli-
fied utilizing locked nucleic acids (LNA) technology with 
179 different primers on the Human Serum/Plasma 
miRCURY LNA miRNA Focus PCR panels (96-well format 
panel I& II, YAHS-106Y; Qiagen) and using miRCURY 
LNA SYBR Green PCR kit (Qiagen). C.elegans miRNA 
(cel-miR-39-3p), UniSp6, UniSp2, UniSp4, and Unisp5 as 
spike-in controls were added using the RNA Spike-in kit as 

well as UniSp6 predefined on plates for monitoring RNA 
isolation, cDNA synthesis, and PCR amplification. Sample 
quality and hemolysis were assessed using miScript PCR 
Controls (Qiagen). miRNA determination was performed 
with diluted samples using a quantitative RT-PCR (qRT- 
PCR) on a Fast 7500 Real-time PCR System, Applied 
Biosystems (Life Technologies, Foster City, CA, USA). 
Amplicons were analyzed for distinct melting curves, and the 
Tm was checked to the within known specifications for the 
assays. qRT-PCR data were analyzed using the ∆Ct method 
and normalized to a normalization factor calculated based on 
GeNorm methodology from the entire panel.27 All the detect-
able miRNAs were assessed for the least variance across all 
samples in groups. According to the GeNorm analysis, 
selecting miR-486-5p, -193-5p, -101-3p, and let-7a-5p as 
normalizers showed the least variance and was confirmed 
by comparison of the five suggested spike-in controls using 
Qiagen software. Inter-plate calibration (IPC) using UniSp3 
controls was to correct for variance across plates. miRNA 
with Ct values > 35 in at least 65% of samples was excluded.

Body Composition
Total body adiposity was assessed via bioimpedance technique 
using InBody® 570 body composition analyzer (InBody USA, 
Cerritos, CA. USA) according to the manufacturer’s protocols. 
In brief, tissue impedance was measured over 60 seconds 
when a low-intensity current travels between the bare feet 
and hands of the subjects. The total body fat (TBF) estimate 
was obtained from the equipment software. TBF estimate via 
InBody was previously shown to correlate well with the Dual- 
energy X-Ray Absorptiometry (DXA) scan.28

Statistical Analysis
Data are presented as mean ± standard deviation of the mean 
(SD) except where otherwise indicated. Categorical propor-
tions (sex and race) were determined by Chi-square tests or 
Fisher’s exact test. For the multiple group comparison, one- 
way ANOVA was conducted, followed by Tukey or Dunn 
all-pairwise comparisons post hoc analysis to compare all 
groups to each other. Student’s t-test was used for compar-
ison of two groups that were normally distributed. Group 
differences between obese with and without IR were assessed 
by a Mann–Whitney test for analytes that were not normally 
distributed (as defined by p < 0.05, determined by 
D’Agostino-Pearson normality test). Correlations between 
miRNA level (-log scale) and clinical and biological para-
meters (independent variables) were determined using 
Pearson’s correlation coefficients for normally distributed 
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data or Spearman correlation coefficients for not normally 
distributed data. All statistical analyses were performed 
using GraphPad Prism7 (GraphPad Software, Inc., La Jolla, 
CA, USA). Significance was defined as p < 0.05.

Results
Characteristics of Participants with 
Insulin Resistance
The subjects’ age ranged from 10.4 to 17.3 years. Thirty 
HOMA-IR values were available from the adolescents, 
since three individuals were lacking the determination of 
insulin or glucose concentrations. We found that HOMA- 
IR values were tightly associated with fasting insulin 
levels (r > 0.99 and p < 0.01; Table S1), but not glucose 
levels (r < 0.50; Table S1). The participants were classified 
into obese groups with IR (OB with IR; HOMA-IR > 4) 
and without IR (OB; HOMA-IR ≤ 4), consisting of 21 and 
9 subjects, respectively (Table 1). As expected, in the OB 
with IR group, various IR indices, such as HOMA-IR, 
HOMA-AD, Adipo-IR, TG, and TG/HDL-C significantly 
differed from OB without IR group (p < 0.05 or p < 0.01). 
Groups were comparable in regard to mean age, sex dis-
tribution, BMI, fasting glucose, leptin, adiponectin, adipo-
nectin to leptin ratio, FFA, HDL-C, and systolic and 
diastolic blood pressures.

miRNA Expressions Specific to Insulin 
Resistance
Of 179 miRNAs queried in the study, a total of 40 circulat-
ing miRNAs were identified across all the adolescents with 
obesity. Of these 40 identified, 21 miRNAs (Figure S1) 
have been reported in studies of obese populations, and 
their regulatory mechanisms or biological functions have 
been validated using Ingenuity Pathway Analysis (IPA, 
Qiagen, Valencia, CA, USA) or previously reported in 
human studies in the literature.11,13,16–18,29–32 The other 19 
miRNAs have not previously been identified in the serum of 
children with obesity (Figure S2). Of these 40 miRNAs, 
miR-223-3p, -16-5p, -23a-3p, -25-3p, -150-5p, -30d-5p, 
-320a, and -21-5p were the 8 serum miRNAs with the 
highest miRNA levels (based on average of miRNA expres-
sion relative to normalizers) (Figures S1–S2).

In further comparison of miRNA profiles associated with 
IR, we found 12 miRNA species were significantly different 
in abundance in OB with IR compared to OB without IR, 
including increased levels of miR-223-3p, -23a-3p, -150-5p, 
-191-5p, -24-3p, -30d-5p, -122-5p, -30a-5p, -215-5p, -221- 
3p, -145-5p, and -342-3p (Figure 1 and Figure S3). Of these 
miRNAs, there was a positive correlation between miR-30d- 
5p levels with insulin level, TG/HDL-C ratio, HOMA-IR, 
and HOMA-AD (p < 0.05; Table 2). Similarly, miR-122-5p 

Table 1 Characteristics of Participants Separated by Insulin Resistance

Variables OB OB with IR p-value

Number (n) 9 21

Age (years) 13.86 ± 1.28 14.61 ± 2.37 0.3793

Sex, M/F (%) 44.4/54.6 57.1/42.9 0.5229 +

BMI (kg/m2) 35.07 ± 5.00 37.19 ± 4.61 0.2404

Fasting glucose (mg/dL) 88.33 ± 10.84 94.71 ± 9.1 0.1075

Fasting insulin (µIU/mL) 16.09 ± 4.46 56.98 ± 45.24 0.0124
Fasting leptin (pg/mL) 43.20 ± 25.40 51.41 ± 21.64 0.3778

Fasting adiponectin (ng/mL) 7.74 ± 3.80 7.49 ± 4.66 0.7637

Adiponectin/leptin ratio 0.23 ± 0.12 0.18 ± 0.13 0.3512
HOMA-IR 3.48 ± 0.70 10.90 ± 7.57 0.0071
HOMA-AD 11.83 ± 4.38 49.69 ± 77.90 0.0014
FFA (mmol/L) 0.16 ± 0.06 0.15 ± 0.06 0.9216
Adipo-IR (mmol/L) 2.43 ± 0.98 9.77 ± 10.07 0.0021
TG (mg/dL) 91.22 ± 53.96 152.62 ± 70.27 0.0183
HDL-C (mg/dL) 42.11 ± 6.57 38.67 ± 7.57 0.2458
TG/HDL-C ratio 2.36 ± 1.76 4.24 ± 1.76 0.0221
Systolic BP (mmHg) 127.78 ± 11.37 124.43 ± 12.07 0.8916

Diastolic BP (mmHg) 68.56 ± 7.70 69.76 ± 8.01 0.7051

Notes: Data are expressed as mean ± SD. Significant differences were determined by Student’s t-test or Mann–Whitney test. +Group comparison was examined using a Chi- 
square test. The p-value less than 0.05 is shown in bold and italic. 
Abbreviations: TG, triglycerides; HDL-C, high-density lipoprotein-cholesterol; FFA, free fatty acids; OB, subjects with obesity; OB with IR, subjects with obesity and insulin 
resistance (IR).
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and miR-221-3p expressions were significantly correlated 
with insulin levels and IR indicators (Table 2). The miR- 
215-5p level was positively related with the TG/HDL-C 
ratio and insulin level (p < 0.05; Table 2).

Differential miRNA Expressions in 
Response to BMI Status
We further determined if miRNA expressions were asso-
ciated with the status of obesity. In this cohort, BMI per-
centile did not discriminate participants in regards to 
clinical and biochemical phenotypes of obesity, but BMI 
values showed a positive correlation with body weight, 

WC, percent body fat, and leptin (r > 0.5 and p < 0.05; 
Table S1). Therefore, we determined miRNA species that 
differed by BMI values: OB-1, 30 kg/m2 < BMI < 35 kg/ 
m2; OB-2, 35 kg/m2 ≤ BMI < 40 kg/m2; OB-3, BMI ≥ 
40 kg/m2. All participants were well matched for sex, age, 
and ethnicities with no significant differences between BMI 
groups (p > 0.05). With respect to other weight parameters, 
z-BMI was significantly different between all three groups; 
but the BMI percentile did not differ between groups (Table 
S2). Weight and WC were higher in the OB-2 and OB-3 
groups in comparison to OB-1 (p < 0.05), and percent body 
fat was significantly different between all three groups; 

Figure 1 Relative abundance is of miRNA level specific to insulin resistance. Representative miRNA expressions (-log2 scale) are shown in (A–D). Bars indicate mean ± SD. 
Labeled (a, b) means differ for comparison of two groups, p < 0.05. OB: subjects with obesity; OB with IR: subjects with obesity and insulin resistance (IR).
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there were no significant differences in height between 
groups.

In Figure 2, miR-122-5p and miR-885-5p expression was 
higher in OB-2 when compared to OB-3 or OB-1; miR-30d-5p 
expression was highest in the OB-2 group, although this did 
not differ statistically when compared to the OB-3 group. 
Interestingly, expression levels of miR-197-3p, -221-3p, 
-423-4p, and -125b-5p were lower in the OB-3 compared to 
the OB-2 group. Additionally, we observed an inverse correla-
tion of miR-197-3p expression with body weight in the OB-3 
group (p < 0.001) and levels of miR-125b-5p and miR-221-3p 
were strongly and negatively correlated with percent body fat, 
but positively associated with muscle mass (only miR-221-3p; 
Table 3). The results showed that specific miRNAs were 
differentially expressed in response to overall adiposity.

Associations Between miR-122, -221, -30d 
and IR and BMI
Among the identified miRNAs, we found that adolescents in 
the OB-2 group (35 kg/m2 ≤ BMI < 40 kg/m2) had increased 
miR-122-5p, -221-3p, and -30d-5p that were also observed in 
the OB-IR group. These three miRNAs accounted for 42.9% 
of miRNA species differentially expressed in obesity and 
25% in IR, respectively (Figure S4). The individuals in the 
OB-2 had a 90.9% of IR presence and the highest insulin 
level of 51.68 µU/mL, compared with the OB-1 (BMI < 35) 
or OB-3 (BMI ≥ 40) (21.89 µIU/mL in the OB-1 and 37.48 
µIU/mL in the OB-3), which was consistent with findings 
that were seen in individuals with IR (Table 1).

Discussion
Adolescent obesity is a global public health problem and 
a major risk factor for obesity and associated metabolic 
diseases in adults. Conventional serum biomarkers, eg, 

leptin,33 adiponectin,34 are not always associated with 
obesity-related complications such as IR. In the literature, 
circulating miRNA expressions targeting IR and obesity 
have been profiled via comparison with healthy and nor-
mal weight controls; whereas subjects with different 
degrees of obesity are grouped into one group.17,31 These 
miRNA signatures may discriminate individuals with 
a predisposition to IR, but do not distinguish disease 
progression within an obese population. In the present 
study, we found a panel of altered circulating miRNAs 
that characterized obese adolescents with IR from those 
without IR. We also identified differential expressions of 
miRNAs depending on degree of obesity status. These 
miRNA signatures may provide insights into underlying 
mechanisms associated with obesity progression and its 
complications. As an example, we found obese adoles-
cents have increased miRNAs (eg, miR-122, -221 or 
-30d), indicating developed IR, although no changes 
were observed in fasting glucose, adiponectin, and leptin. 
To our knowledge, this is the first report showing that 
circulating miRNAs can serve as independent markers to 
identify adolescents who have IR (ie, HOMA-IR > 4) 
within an obese cohort (35 kg/m2 ≤ BMI < 40 kg/m2). 
This finding indicates that circulating miRNA signatures 
might improve IR screening in obese adolescents. These 
findings will require validation in larger cohorts of chil-
dren in a longitudinal study.

Circulating miRNA signatures associated with IR have 
been identified in adults with obesity and obesity-related 
metabolic disorders.13,17,30 miRNAs linking to causation 
have been suggested as promising biomarkers for early 
diagnosis, progression, and treatment of IR related dis-
eases, eg, T2D, NAFLD.11 In the present study, the 
miRNA signature integrated several individual miRNAs 

Table 2 miRNA Expressions Associated with Risk Factors and Predictive Indicators of IR

Variables OB with IR

miR-30d-5p miR-122-5p miR-221-3p miR-215-5p

r p-value r p-value r p-value r p-value

Insulin 0.804 <0.001 0.662 0.002 0.610 0.035 0.639 0.014
HOMA-IR 0.608 0.003 0.680 <0.001 0.605 0.014 0.251 0.605

HOMA-AD 0.619 0.004 0.568 <0.001 0.453 0.039 0.450 0.308
Adipo-IR 0.569 0.009 0.466 0.039 0.510 0.048 0.644 0.102

TG/HDL-C 0.544 0.011 0.596 0.004 0.524 0.002 0.656 0.019

Notes: Data on miRNA levels and biological analytes are transformed into a log scale (-log2). A significant difference was determined using Pearson’s correlation analysis. 
The p-value less than 0.05 is shown in bold and italic styles. 
Abbreviation: OB with IR, subjects with obesity and insulin resistance.
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presented in adolescents with IR. It displayed an increased 
expression pattern, suggestive of miRNA features of obe-
sity-mediated IR in adolescents different from those 
reported in adults.29,30 Increased concentrations of miR- 
342, -223, -30d, -215, -221, and -122 were found to be 
associated with insulin levels. These findings are consis-
tent with previous reports on obesity and its related meta-
bolic diseases.17,32,35–40 miRNAs have been demonstrated 
to be involved in multiple metabolic pathways, including 

insulin signaling, adipokine expression, adipogenesis, and 
lipid metabolism.17 For example, adipose tissue-derived 
miR-342 alters insulin sensitivity due to the introduction 
of transcription factor CEBPA (CCAT/enhancer-binding 
protein, alpha),39 which regulates fatty acid synthesis and 
glucose metabolism. Adipose tissue-derived miR-30d 
upregulates the production of secreted frizzled-related pro-
tein 4 (SFRP4), which plays a critical role in the patho-
genesis of obesity and T2D;38 miR-30d overexpression 

Figure 2 miRNA profiles associated with obesity in response to BMI status. Seven miRNAs were differentially expressed across the three groups shown in (A–G). miRNA 
levels are presented on log-transformed data (-log2). Bars show mean ± SD. Labeled (a or b) means difference for comparison of two groups following the ANOVA analysis, 
p < 0.05.
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also increased glucose-stimulated insulin gene transcrip-
tion in MIN6 cells.41 Liver-specific miR-122 directly tar-
gets PTP1B (protein-tyrosine phosphatase 1B)42 and 
regulates the insulin/IGF (insulin-like growth factor) sig-
naling pathway. The increased miR-221 selectively 
expressed in the livers of ob/ob mice regulates 
adiponectin43 and leptin expressions.37 Therefore, we spec-
ulate that the co-regulation of increased miR-122, -221, and 
-30d in the setting of IR may play a role in metabolic 
dysfunction in adipose tissue and liver. Altered miRNAs 
may impair cellular insulin signaling in insulin-sensitive 
tissues and lipid metabolism and cause imbalance of leptin- 
adiponectin regulation. Therefore, it is possible that altered 
miRNAs may be mechanistic indicators of obesity-mediated 
IR in adolescents. The investigation of circulating miRNAs 
associated with IR in insulin-sensitive tissues will aid in 
a better understanding of systemic IR in the body.

Interestingly, we also identified miRNA expression pat-
terns that were associated with weight status in obese adoles-
cents. Specifically, in those classified as morbidly obese (BMI 
≥ 40 kg/m2) miR-125b, -423, and -221 negatively correlated 
with BMI, body fat, and WC, which is consistent with recent 
reports in adults with severe obesity in comparison to healthy 
weight or normal BMI individuals.29,44,45 These miRNA spe-
cies have been identified to be either up- or down-regulated 
during obesity progression and adipogenesis. For example, 
decreased miR-221 regulates adipocyte differentiation and 
promotes inflammation of the adipose tissue in the develop-
ment of obesity, which may be implicated in tumor necrosis 
factor-α (TNF-α)-mediated chronic inflammation.37,46 Other 
miRNA species, eg, miR-122, -150, and -483-5p, have been 
previously demonstrated to correlate with BMI in children or 
adults with obesity.29,47,48 Taken together, these findings sug-
gest these distinct miRNA signatures may offer insight into 
how adipogenesis pathways are regulated with increased BMI.

We acknowledge the difference between adults and 
adolescents may result from the hormone regulation of 
miRNA expressions.49 Other factors, eg, genetic predis-
position, or age, may also influence our results. There are 
other limitations to our study. We used HOMA-IR as 
a surrogate for IR assessment instead of the euglycemic 
clamp, albeit previous studies have shown that HOMA 
model can closely mirror the findings in the glucose 
clamp technique in assessing IR.24 Although the HOMA 
value to define the presence of IR is not well character-
ized, and puberty-associated physiological IR, independent 
of sex and BMI, brings extra challenges in identifying the 
optimum HOMA-IR level to define IR in adolescents, 
a cut-point of 4 is highly conservative and is very likely 
to identify subjects with true IR. The HOMA-AD model 
incorporates adiponectin in the glucose–insulin interaction 
and could be a superior tool to assess “insulin sensitivity” 
even in subjects with diabetes; however, it is comparable 
to the HOMA model in assessing IR.50 Given the addi-
tional costs of calculating HOMA-AD, it has not been 
widely used when primary outcome measure is IR as in 
this study. Similarly, Adipo-IR as a marker to assess insu-
lin action in adipose tissue51 gives similar information 
about IR compared to HOMA-IR, of the glucose and 
lipid metabolisms in adipocytes, and is not as widely 
used as HOMA-IR. The size of the cohort was relatively 
small; thus, more studies are needed for validations. 
Additionally, changes in the level of circulating miRNAs 
as indicators do not necessarily reflect dysfunction of 
miRNA specific to tissues; therefore, further studies are 
needed to determine miRNA regulation in different tissues 
including intracellular and extracellular miRNAs and tis-
sue-specific miRNAs to illustrate how miRNAs are impli-
cated in obesity progression and metabolic disorders. Such 
studies will aid in a better understanding of mechanisms of 
adolescent obesity and its related metabolic diseases in 

Table 3 Correlation Analysis Between Anthropometric Measures and miRNA Levels in Obesity Groups

Variables OB-2 OB-3

miR-30d-5p miR-197-3p miR-125b-5p miR-221-3p

r p-value r p-value r p-value r p-value

WC (cm) 0.605 0.037 0.134 0.622 0.410 0.635 0.239 0.614

Weight (kg) 0.389 0.325 0.770 0.009 0.205 0.814 0.251 0.605

Body fat (%) 0.458 0.245 0.268 0.703 0.724 0.018 0.772 0.009
Muscle mass (kg) 0.221 0.478 0.166 0.496 0.210 0.521 0.759 0.011

Notes: Data on miRNA levels are transformed into a log scale (-log2). A significant difference was determined using Pearson’s correlation analysis. The p-value less than 0.05 
is shown in bold and italic. OB-2: 35 kg/m2 ≤ BMI < 40 kg/m2; OB-3: BMI ≥ 40 kg/m2. 
Abbreviation: WC, waist circumference.
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target tissues or via cell-to-cell communication and meta-
bolic organ crosstalk.

In conclusion, specific circulating miRNA signatures 
displayed increased expression in adolescents with IR and 
obesity, revealing associations between aberrant miRNAs 
and IR in children. We also identified a relationship 
between miRNA expressions and BMI in morbidly obese 
adolescents. To our knowledge, this is the first report that 
serum miRNA signatures are linked to the severity of 
obesity and IR in children, highlighting the unique 
miRNA expressions in obese adolescents not found in 
obese adults. Overall, circulating miRNA signatures can 
reflect IR and obesity status in children. This might have 
clinical implications in establishing practical strategies for 
weight management, monitoring the prognosis of obesity- 
related complications, and evaluating the prevention of 
metabolic diseases.
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