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Purpose: Overweight and obesity are associated with metabolic diseases. However, a
subgroup of the overweight/obese population does not present metabolic abnormalities.
Hence, there is an urgent need to identify biomarkers that can distinguish different obesity
phenotypes and metabolic status.

Patients and Methods: A total of 98 individuals were divided into three groups: metaboli-
cally healthy normal weight (MHNW), metabolically healthy obese (MHO), and metabolically
unhealthy obese (MUO). Participants were evaluated for anthropometric and biochemical para-
meters and serum BMPR1A concentration and miR-503 level. Receiver operating characteristic
(ROC) curve analysis and logistic regression analysis were performed.

Results: The level of miR-503 was significantly higher in the MHO group compared with
that in the MUO group, but no difference was observed between the MHNW and MHO
groups. Meanwhile, no significant differences in serum BMPRIA concentration were
observed between the three groups. ROC curve analysis showed that miR-503 could be
used as a marker to distinguish the MUO from the MHO. Logistic regression analysis
suggested that miR-503 was an important related factor associated with an unhealthy
metabolic state in overweight/obese subjects.

Conclusion: miR-503 can be considered as a suitable biomarker to distinguish between the
MUO and MHO, which may be a related factor for the incidence of metabolic disorders in
overweight/obese subjects.
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Introduction

Obesity is a major public health threat in the 21st century. Globally, about 2.1
billion adults are obese." Obesity is characterized by excessive or abnormal fat
storage and is influenced by genetic and environmental factors.” Additionally, it is
associated with several cardiometabolic diseases, such as type 2 diabetes, hyperten-
sion, and coronary heart diseases. However, the presence of metabolic distur-
bances varies among subjects with the same body mass index (BMI). Some obese
individuals will never have obesity-related metabolic abnormalities in their lifetime,
which is defined as metabolically healthy obese (MHO) subject.” Unlike subjects
with a metabolically unhealthy obese (MUO), MHO subjects are at a lower risk of
cardiometabolic diseases.® Meanwhile, individuals with normal BMI but abnormal
metabolic status are defined as metabolically unhealthy normal-weight (MUNW)
subjects.” The above examples show that the definition of obesity by BMI alone
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cannot accurately reflect the obesity-related metabolic sta-
tus and susceptibility to metabolic diseases. Hence, there is
an urgent requirement to identify novel obesity biomarkers
that the different
phenotypes.

can distinguish between obese

It is now generally accepted that anatomic and physiolo-
gic derangements of adipocyte and adipose tissue are central
to the pathology of different phenotypes of obesity and
obesity-associated metabolic complications.®’ Excessive tri-
glycerides cause adipocyte hypertrophy and proliferation,
which results in the accumulation of unhealthy fat and
decreased blood supply.'® Under hypoxia, adipocytes and
adipose tissue recruit fat cells and macrophages that release
inflammatory cytokines.'' Hypertrophic adipocytes produce
a wide range of pro-inflammatory adipokines, leading to
insulin resistance.'? Studies have indicated that the patholo-
gical state of the adipose tissue plays an important role in the
development of obesity-associated metabolic diseases.
Except for the above mentioned inflammatory cytokines
and adipokines, the pathological state of the adipose tissue
is regulated by other factors such as hormone and resistin.
More and more studies have shown that epigenetic regulation
also plays important roles in the pathophysiological pro-
cesses of adipose tissue.'? In our previous study, we identi-
fied miR-503 as the differential expressed gene in insulin
receptor substrate-1 (IRS-1) KO mice with a decrease in fat
mass.'* And bone morphogenetic proteins receptor type 1A
(BMPR1a), the target gene of miR-503, whose express was
synchronously declined in IRS-1 KO mice.'> We further
confirmed this finding by transfecting primary preadipocytes
with BMPR1A-specific small interfering RNAs (siRNAs),
and the results showed a significant disruption of
adipogenesis.'® Hence, we hypothesise that miR-503 and
BMPR1a might be important biomarkers for obesity and
set to investigate their association with different obese
phenotypes.

Micro-RNAs (miRNAs) are small, non-coding RNAs
that negatively regulate gene expression at the post-tran-
scriptional level.'” They are crucial in maintaining meta-
bolic homeostasis'® and exhibit typical characteristics of
a good biomarker."” Studies have revealed that there are
significant differences between the levels of several
miRNAs (miR-142-3p, miR-140-5p, miR-15a, miR-520c-
3c, and miR-423-5p) in morbidly obese men, suggesting
that they may serve as novel biomarkers for risk estima-
tion and classification of morbidly obese patients.?’

BMPRI1A is the receptor of bone morphogenetic pro-
teins (BMPs) which belong to the transforming growth

factor-B superfamily.”’ BMP signaling plays a key role in
adipose biology.”**> Among the different isoforms of
BMP receptors, BMPR1A mediates most of the effects
of BMP2/4 and BMP6/7*" and has been linked to adipose
development and metabolism in both mice and human
studies. A cohort study indicated that BMPR 1A expression
in the adipose tissue of overweight and obese individuals
was higher than that in lean subjects, and its level was
correlated with the occurrence of type 2 diabetes.” In a
conditional myogenic factor 5-BMPR1A knockout (KO)
model, in which BMPRI1A expression was blocked in the
brown adipogenic progenitor cells, these mice displayed
a significant reduction in the amount of constitutive brown
adipose tissue at the embryonic stage.** Through the data-
base of the European Bioinformatics Institute, we found
BMPRI1A can express in blood. Hence, these data sug-
gested that BMPRI1A is likely to participate in the meta-
bolic disturbances caused by adipose tissue and serves as
a potential marker to differentiate between different types
of obesity.

In this study, we aimed to evaluate the expression of
BMPRI1A and miR-503 in the serum samples of subjects
with different obese phenotypes and metabolic statuses,
and investigate whether their expression is correlated
with the different phenotypes of obesity. Our findings
provide insights into potential biomarkers that can help
differentiate between different obesity types, with or with-
out metabolic abnormalities.

Materials and Methods
Study Population and Participants

A cross-sectional case—control study was undertaken from
2014 to 2015 in the Health Management Center of the
Second Xiangya Hospital, Central South University. Eligible
participants were Chinese adult individuals above the age of
18 (either sex) with overweight/obesity (BMI>24 kg/m?) and
their respective paired controls (BMI < 24 kg/m?).*
Individuals with the following diseases, conditions or indul-
gences were excluded: BMI > 40 kg/m?*° severe liver and
kidney disorders, regular drinkers, pregnancy, and malignancy,
and secondary obesity caused by other diseases, such as buli-
mia or Cushing’s syndrome. Additionally, individuals using
steroid hormones or drugs (aspirin, isoniazid, or rifampicin)
that might cause weight change and glycemic and lipid meta-
bolism imbalance in the past 6 months were excluded.
Individuals were divided into the following three groups
based on body weight and metabolic status: metabolically
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healthy normal weight (MHNW), MHO and MUO subjects,
and the control is MHNW group. The MHO and MUO groups
were matched by BMI, while the MHNW and overweight/
obesity groups were matched by age. Considering the World
Health Organization (WHO) proposed BMI cut-off points for
Asian populations, normal weight was defined as BMI 18.5—
23.9 kg/m?, overweight as BMI 24.0-27.9 kg/m?, and obesity
as BMI >28 kg/m*?* Due to the limited sample size and many
overweight people already had metabolic abnormalities in
China, this study combined overweight and obese people
into one group, and BMI > 24 kg/m” was used to define
overweight/obesity. Metabolic status, which is associated
with numerous components of metabolic syndrome, was
determined according to the 2007 Joint Committee for
Developing Chinese Guidelines (JCDCG2007).%” Subjects
defined as metabolically unhealthy had more than two of the
following cardiometabolic abnormalities: 1) WC > 90 cm for
men and > 85 cm for women, 2) serum triglyceride (TG)
> 1.7 mmol/L or specific treatment for dyslipidemia, 3) high-
density lipoprotein cholesterol (HDL-C) < 1.04 mmol/L or
specific treatment for dyslipidemia, 4) BP > 130/85 mm Hg or
use of any antihypertensive agents, and 5) fasting plasma
glucose (FPG) > 6.1 mmol/L and/or 2 h plasma glucose
> 7.8 mmol/L and/or diagnosed diabetic mellitus and under-
going therapy. All subjects signed a written consent form prior
to their participation in the study. All experimental protocols
were performed in accordance with the guidelines of the
World Medical Association Declaration of Helsinki for
human subjects. This study was approved by the Ethics
Committee of National Clinical Research Center for
Metabolic Disease, the Second Xiangya Hospital of Central
South University. Clinical trial registration number: ChiCTR-
EOC-16,010,194. We deposited all data and related metadata
of our research in the public repository (ResMan, http://www.
medresman.org/pub/cn/proj/projectshow.aspx? proj=2139).

Clinical Data Collection

All recruited subjects completed a detailed questionnaire
about their basic information with the help of specialists.
The sample size was obtained by online sample size cal-
and decided
according to the difference of serum miR-503 Ievels

culators  (https://www.sample-size.net/)

between MHNW and overweight/obese subjects (consider-
ing the facts in our study, S = 1.09, a= 0.05, 6 = 0.1). To
reduce the bias caused by clinical diagnosis, each partici-
pant was evaluated by three experienced physicians based
on established protocol. Anthropometric variables (body
weight and height) were measured using an ultrasonic

height and weight scale (Shanghe Electronic Technology
Co. Ltd, Zhengzhou, China) in subjects in a quiet and
fasting state, wearing light clothing and no shoes. BMI
was calculated using the following formula: weight (kg)/
height (m?). Waist circumference (WC) was measured
during the end of exhalation, with a steel tape halfway
between the lower rib margin and iliac crest in a horizontal
plane. Hip circumference (HC) was measured at the widest
part of the buttocks. Blood pressure (BP) was recorded
three times with a standard electronic sphygmomanometer
after the subject rested for 15 min in a seated position; the
average of three readings was used in the analysis.

Blood Collection and Biochemical
Analysis

Following an overnight fast of about 8 to 10 hours, venous
blood was collected by venipuncture from all participants
for biochemical tests and other analyses. We measured
FPG using the hexokinase enzymatic method (Ningbo
Medical System Biotechnology Co. Ltd., Zhejiang,
China). TG, low-density lipoprotein cholesterol (LDL-C),
HDL-C, and total cholesterol (TC) levels were measured
using an automated analyzer (Architect ¢c8000 Chemistry
System, Abbott Diagnostics, USA).

Enzyme-Linked Immunosorbent Assay
(ELISA)

For the determination of BMPRI1A concentration, blood
samples were kept for 30 min at room temperature before
centrifugation for 15 min at 1000 x g. Serum aliquots were
stored at —80°C until analyzed. For the detection of
BMPRI1A protein concentrations, sandwich ELISA was
performed using a commercially available quantitative
reagent kit (Cusabio Biotech Co., Ltd., Wuhan, China)
according to the manufacturer’s protocol.

RNA Isolation and Quantitative Real-
Time PCR

Total RNA was isolated using TRIzol LS reagent accord-
ing to the manufacturer’s instructions (Invitrogen), and
then reverse-transcribed with the Reverse Transcription
kit (Takara) to generate first-strand miRNA-cDNA PCR
templates. Quantitative real-time PCR was performed
using SYBR Premix Ex Taq II kit (Takara, Otsu, Japan)
on the LightCycler 480 Instrument II Real-time PCR
System (Roche, Basel, Switzerland). All PCR experiments
were performed in triplicate. Primers specific for human
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miR-503 were used, and miR-39 was used as an internal
control. Relative miRNA expression was quantified with
the —AACt method, and the fold-change was determined
using the formula 24442

Statistical Analysis

All statistical analyses were performed using SPSS soft-
ware version 19.0 (SPSS, Inc., Chicago, USA). A P value
< 0.05 was considered statistically significant. Continuous
variables with normal distribution are expressed as mean +
standard deviation (SD), data transformation was used to
normalize the distribution of variables with minor skewed
distribution, and comparisons between different groups
were made using one-way analysis of variance
(ANOVA). Categorical variables are expressed as percen-
tages (%), and comparisons between different groups were
made using the Chi-square test. Age-and sex-adjusted
partial correlation analysis was used to analyze the corre-
lation between serum BMPR1A, miR-503, and anthropo-
metric and metabolic characteristics. Receiver operating
characteristic (ROC) curve analysis was performed to
determine the predictive value of BMPRIA and miR-503
in subjects with different body weights and metabolic
status. Logistic regression analysis was used to evaluate
potential risk and related factors associated with different
obesity phenotypes and metabolic status, especially to
identify related factors with the presence of the MUO
phenotype (coded 1) in overweight/obese subjects. In
MHNW and MHO groups, MHO was coded 1, while in

MHNW and MUO groups, MUO was coded 1.

Results
Baseline Characteristics of the Study
Subjects

We recruited 136 subjects, 3 were unwilling to sign the
informed consent, and 23 were excluded according to the
exclusion criteria, and 2 were in the MUNW group which
was not discussed in this research, the final sample size
was 98. Of the 55 subjects in the overweight/obesity
group, 27 were overweight and 28 were obese. After
square transformation for TG, HDL-C, BMPRI1a and log
transformation for FPG, every variable is normally distrib-
uted. The characteristics of the overall study population
are listed in Table 1, 98 participants aged 36 to 57 years
were divided into three groups, 43 in MHNW group, 34 in
MHO group and 21 in MUO group. Based on their BMI,
43 (43.9%) subjects were classified as normal weight, and

55 (56.1%) were classified as

Approximately 34.7% (n = 34) of the total participants

overweight/obesity.

were metabolically healthy obese. There were no differ-
ences in age, sex and BMI between the MHO and MUO
groups. As expected, the MUO group displayed higher BP,
higher levels of TG and TC, and lower levels of HDL-C
compared with the MHO group. Compared with the
MHNW group, the MHO group had lower levels of
HDL-C and higher BMI, WC, and waist-hip ratio (WHR).

Expression of miR-503 Was Higher in the
MHO Group Compared with That in
MUO Group

We further detected the serum concentration of BMPR1A
and miR-503 level in the three groups (MHNW, MHO,
and MUOQO). Results showed that there were no differences
in serum BMPRI1A concentration between these groups
(Figure 1A). However, the level of miR-503 was signifi-
cantly lower in the MUO group compared with that in the
MHO (P = 0.007) and MHNW groups (P = 0.007), but
showed no difference between the MHO and MHNW
groups (Figure 1B). Then, we performed a correlation
analysis of BMPR1A and miR-503 and the results showed
no correlation between serum BMPR1A concentration and
miR-503 level (Table S1).

Next, we investigated whether serum BMPRI1A con-
centration and miR-503 levels were related to the demo-
graphic, anthropometric, and metabolic components of the
study participants. BMPR1A concentration and miR-503
level in serum samples stratified by age and gender were
analyzed and no significant differences were observed
(Table 2). Correlation analysis was then performed to
evaluate the association of BMPR1A and miR-503 with
anthropometric and metabolic components in overweight/
obese individuals after adjustment for age and sex. Results
showed that serum BMPR1A concentration was positively
correlated with WC. However, there was no significant
correlation between BMPRI1A and other metabolic com-
ponents. Furthermore, miR-503 level was found to be
negatively correlated with systolic blood pressure (SBP)
(Table 3).

miR-503 is a Candidate Biomarker to
Distinguish Between MUO and MHO
Subjects

To evaluate the diagnostic value of serum BMPR1A and
miR-503 for differentiating between various obesity
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Table | Baseline Clinical and Biochemical Characteristics of the Study Subjects (n = 98)
Variables Total (n=98) | MHNW (n=43) | MHO (n=34) | MUO (n=21) | PI? p2° P3c
Age (years) 46.37+9.36 47.07%9.10 45.29+9.42 46.67+10.06 0.414 0.873 0.601
Sex (F %) 56.1 8l.4 41.2 28.6 <0.001 <0.001 0.345
Anthropometric measure
BMI (kg/m?) 25.69+4.50 21.80£1.54 28.24+3.69 29.55£3.37 <0.001 <0.001 0.454
WC (cm) 87.35%12.82 76.57£5.79 93.57+10.39 99.35+9.03 <0.001 <0.001 0.100
Waist-to-hip ratio 0.90+0.77 0.85+0.05 0.93+0.06 0.98+0.05 <0.001 <0.001 0.004
Metabolic profile
SBP (mm Hg) 121.24+16.78 116.23+14.87 120.56+17.90 132.62+13.50 0.234 <0.001 0.007
DBP (mm Hg) 78.84%11.33 75.40£9.23 78.26%11.43 86.8111.64 0.240 <0.001 0.004
FPG (mmol/L) 4.97x1.14 4.77%1.10 4.95%1.10 5.42+1.22 0.237* 0.035 0.149
TG (mmol/L) 1.51+0.13 1.20+0.09 1.38+0.06 2.62+0.13 0.245 <0.001 <0.001
TC (mmol/L) 4.92+0.87 4.95+0.97 4.71+£0.60 5.19+0.97 0.222 0.298 0.046
LDL-C (mmol/L) 2.90+0.75 2.88+0.85 2.84+0.49 3.01+0.92 0.994 0.927 0.830
HDL-C (mmol/L) 1.27+0.02 1.41+0.02 1.24+0.01 1.05+0.01 0.015 <0.001 0.010

Notes: All values are expressed as mean * SD. One-way analysis of variance for parametric data was used to compare three groups, followed by a post hoc test (Least
Significance Difference test’). Data transformation was used to normalize the distribution of variables with minor skewed distribution (square transformation for TG, HDL-C
and log transformation for FPG). *PI: Comparison between MHNW and MHO groups. ®P2: Comparison between MHNW and MUO groups. “P3: Comparison between

MHO and MUO groups.

Abbreviations: MHNW, metabolically healthy normal weight; MHO, metabolically healthy overweight/obese; MUO, metabolically unhealthy overweight/obese; BMI, body
mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose; TG, triglyceride; TC, total cholesterol; HDL-

C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.

phenotypes and metabolic status, ROC curve analysis
was performed. Comparing MHO with MUO subjects,
the area under the ROC curve (AUC) for BMPRI1A was
0.503 (95% CI: 0.332-0.675), which failed to differenti-
ate the MUO from the MHO phenotype (Figure 2A).
However, miR-503 generated a satisfactory ROC value
of 0.708 (95% CI: 0.570-0.846; Figure 2B), and hence
can be considered as a reliable marker to distinguish
MHO subjects from MUO individuals. The optimized
cut-off value of miR-503 was 1.072, with a sensitivity
of 64.7% and a specificity of 76.2%.

Meanwhile, the AUC values of BMPR1A and miR-503
were found to be 0.513 (95% CI: 0.576-0.649) and 0.514
(95% CI: 0.382-0.647), respectively, comparing the
MHNW and MHO groups (Figure 2C and D). These
results indicated that BMPRIA and miR-503 cannot dis-
tinguish MHO subjects from MHNW individuals. For the
MHNW and MUO groups, the AUC of BMPRIA was
0.513 (95% CI: 0.361-0.666; Figure 2E), and BMPR1A
did not display a diagnostic value. However, miR-503 was
a suitable marker for distinguishing between MHNW and
MUO groups, as its AUC value was 0.700 (95% CI:
0.570-0.831). With a cut-off value of 1.039, the specificity
and sensitivity of miR-503 were 58.1% and 76.2%, respec-
tively (Figure 2F).

miR-503 is a Related Factor with the
Presence of an Unhealthy Metabolic
Status in Overweight/Obese Subjects

We further performed multivariate logistic regression analy-
sis to evaluate risk factors associated with different obesity
phenotypes and metabolic status. The results showed that the
odds ratios (ORs) were 1.234 (95% CI: 0.573-2.655) for age
(P 0.591), 1.291 (95% CI: 0.320-5.208) for sex
(P =0.719), 0.987 (95% CI: 0.411-2.370) for BMPR1A
(P=0.976), and 0.224 (95% CI: 0.075-0.670) for miR-503
(P=0.009) in overweight/obesity subjects. miR-503 was

validated as a related factor with the metabolic health phe-
notype in overweight/obesity subjects (Table 4).

Results further showed that age, BMPR1A, and miR-
503 were not associated with the MHO phenotype in
MHNW and MHO subjects, with OR values of 0.884
(95% CI: 0.445-1.755) for age (P=0.724), 1.376 (95%
CI: 0.570-3.280) for BMPRIA (P= 0.484), and 0.739
(95% CI: 0.355-1.630) for miR-503 (P=0.454).
Meanwhile, male subjects were associated with a higher
risk of MHO (compared with MHNW) in metabolically
healthy subjects (OR = 10.746; 95% CI: 3.102-37.232;
P <0.001) (Table S2). As for the MHO and MUO groups,
miR-503 was found to be negatively correlated with the
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Figure | Comparison of the levels of BMPRIA (A) and miR-503 (B) between the MHNW, MHO, and MUO groups.
Notes: There were no significant differences in BMPRIA concentration between the three groups. The serum level of miR-503 was significantly decreased in the MUO
group compared with that in the MHNW and MHO groups. (**P < 0.01 vs MHNW group; **P < 0.01 vs MHO group, One-way analysis of variance).

metabolic unhealthy phenotype (OR = 0.230; 95% CI:
0.073-0.722; P = 0.012), and male sex was a risk factor
(OR = 16.305; 95% CI: 3.850-69.055; P < 0.001)
(Table S3). Age and BMPRIA variances between the
two groups were not notable (Table S3).

Discussion

MHO and MUO subjects share the same weight status
but different clinical manifestations and outcomes.®’
However, the specific metabolic characteristics and mole-
cular markers that distinguish MUO from MHO have not
been fully discovered. BMI, a widely used index to
classify obesity at present, fails to distinguish between
fat and lean masses as well as benign and malignant
obesity.?’ The presence of the metabolic health phenotype
in overweight/obese subjects diagnosed on the basis of

BMI did not develop metabolic disturbances, which

suggested that the need to find novel biomarkers to define
obesity and to be able to predict whether obese indivi-
duals will develop metabolic disorders. Indices associated
with fat distribution and function have been suggested as
markers to determine the metabolic status of obesity.
Nathaly et al suggested using WC as an anthropometric
parameter to identify obesity women with metabolic
unhealthy phenotype in the Mexican population.*
Biochemical measurements of adipokines, including
leptin,>! adiponectin,®> the leptin/adiponectin ratio,*’

retinol-binding protein 4,* and fibroblast
135

resistin,”
growth factor 2 were recommended to distinguish
MUO from MHO. Our research provided evidence that
miR-503 was inversely associated with the phenotype of
MUO and can be used as a diagnostic marker for a
metabolically unhealthy state in the overweight/obesity
population.

Table 2 Independent Sample t-test for Serum BMPRIA and miR-503 Levels According to Age and Gender

BMPRIA miR-503
MHNW (n=43) MHO (n=34) MUO (n=21) MHNW (n=43) MHO (n=34) MUO (n=21)
Age (years)
Non-elderly (<50) 0.70£0.15 0.71£0.15 0.7240.17 1.30+0.90 1.39+0.90 0.66+0.48
Elderly (=50) 0.74+0.19 0.73+0.12 0.73+0.24 1.26+0.70 1.13£0.61 0.80+0.51
P value PI* = 0.467 P2° = 0.740 P3¢ =0.966 P1 = 0.865 P2 = 0.364 P3 = 0.531
Gender
Male 0.68+0.15 0.70+0.13 0.74+0.23 1.78+0.87 1.48+0.93 0.68+0.44
Female 0.7340.18 0.76+0.15 0.69+0.13 1.17+0.75 1.04+0.54 0.85+0.62
P value Pl = 0.455 P2 =0.277 P3=0619 PI =0.052 P2 =0.125 P3 = 0.484

Notes: Before the t-test, Serum BMPR |a data were squared converted to fit the normal distribution. All values are expressed as mean * SD. *Pl: Comparison in MHNW

subjects. ®p2: Comparison in MHO subjects. “P3: Comparison in MUO subjects.

Abbreviations: MHNW, metabolically healthy normal weight; MHO, metabolically healthy overweight/obese; MUO, metabolically unhealthy overweight/obese; BMPRIA,

bone morphogenetic protein receptor type |A; miR-503, microRNA-503.
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Table 3 Age- and Sex-Adjusted Correlation Analysis of BMPRIA
and miR-503 with Anthropometric and Metabolic Components
in Overweight/Obese Subjects

BMPRIA miR-503
BMI 0.250 ~0.045
WC (cm) 0.305% -0.179
SBP (mm Hg) 0.236 ~0.307*
DBP (mm Hg) 0.126 -0.274
FPG (mmol/L) 0.018 -0.173
TG (mmolil) -0.105 -0.142
HDL-C (mmol/L) 0.108 0.090

Notes: Partial correlation analysis of BMPRIA and miR-503 *P < 0.05.
Abbreviations: BMPRIA, bone morphogenetic protein receptor type |A; miR-
503, microRNA-503; BMI, body mass index; WC, waist circumference; SBP, systolic
blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose; TG,
triglyceride; HDL-C, high-density lipoprotein cholesterol.

In this study, MHO and MHNW subjects had sig-
nificantly higher miR-503 levels than MUO subjects,
which indicated that miR-503 level was related to meta-
bolic health status. We also confirmed that miR-503
expression was negatively correlated with metabolic
abnormalities in obese subjects. Pescador et al con-
ducted a cross-sectional study including 13 patients in
Spain, the study suggested that miR-503 serum level in
diabetic or obese subjects was significantly lower than
that in controls,*® which is consistent with our results.
The expression of miR-503 was not affected by age and
sex, and thus, miR-503 can be used as a biomarker in
a wider range of the population without additional lim-
itations. Pearson’s correlation analysis showed no sig-
nificant association between miR-503 and metabolic
health indicators. However, this result may be due to
insufficient sample size, which needs to be addressed in
future studies.

Our previous study demonstrated that BMPRIA
expression was inhibited by miR-503 at the transcriptional
level. However, our results here showed that there were no
significant differences in BMPR1A concentration among
the three groups. This may be due to two reasons. Firstly,
BMPRI1A is regulated by wvarious ligands, including
BMP2, BMP4, BMP6, and BMP7, and is involved in
different signaling pathways, such as the runt-related tran-
scription factor 2 (RUNX2)/insulin pathway.12 Secondly, it
might be a result of BMPR1A degradation in the serum.
These two reasons might contribute to the inconsistency of
serum BMPR1A concentration and miR-503 level in dif-
ferent types of obesity.

We further explored whether BMPR1A and miR-503
might serve as biomarkers to distinguish different obese
phenotypes and metabolic status. Using ROC curves, we
estimated that the best cut-off value of miR-503 to
identify metabolic disturbances in overweight/obese sub-
jects was 1.072 (AUC 0.708, specificity = 0.76, sensi-
tivity = 0.65). The AUC value indicated that miR-503
can distinguish between MHO and MUO subjects.
Pescador et al recommended miR-503 as a circulating
biomarker to distinguish between type 2 diabetes and
diabetes from obesity.*® Yu et al suggested that miR-503
could serve as a prognostic marker for coronary artery
disease.’” Here, logistic regression analysis showed that
the OR value of miR-503 was 0.224, suggesting that it
might play a role in inhibiting the progression of an
unhealthy metabolic state in overweight/obese subjects.
WC was once found as a suitable marker to distinguish
between the MHO and MUO,***® however, no signifi-
cant differences in age, sex, BMI, and WC between the
MHO and MUO groups were observed in this study,
indicating that these indices could not distinguish
between the MHO and MUO, thus more samples are
needed for future research. Compared with the MHNW
group, subjects in the MUO group were predisposed to
be male and showed higher WC and WHR, in agree-
ment with the logistic regression analysis that found that
male overweight/obese subjects were more likely to
develop metabolic disturbances than females. Phillips
et al previously confirmed that male subjects have
a higher probability of presenting the MUO,** which is
also is consistent with our findings.

This research still has some limitations. Although
some people not overweight or obese, but their plasma
sugar and serum TG may be abnormal, namely MUNW
subjects, due to fewer samples were collected in this
group, MUNW group was excluded in the study but
will be included in future studies, and the individuals
from different groups will be followed up. Another
limitation is the small sample size, due to the limited
sample size, we had to combine overweight and obesity
in the same group, obesity and overweight will
be the
Considering that sometimes different markers work in

studied in separate groups in future.
a complementary fashion, traditional markers needed to
be combined with miR-503 into ROC analysis in the

future. As markers derived from non-coding RNA are
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Figure 2 ROC curve analysis to compare the ability of BMPRIA and miR-503 to distinguish between the MHNW, MHO, and MUO phenotypes.

Notes: (A) BMPRIA could not distinguish between the MUO and MHO. (B) miR-503 could distinguish between the MUO and MHO. (C) BMPRIA could not distinguish
between the MHNW and MHO. (D) miR-503 could not distinguish between the MHNW and MHO. The AUC of miR-503 was 0.700. The cut-off value of miR-503 is 1.039,
with 58.1% sensitivity and 76.2% specificity. (E) BMPRIA could not distinguish between the MHNW and MUO. (F) miR-503 could distinguish between the MHNW and
MUO. The AUC of miR-503 was 0.708. The cut-off value of miR-503 is 1.072, with 64.7% sensitivity and 76.2% specificity.

not tissue- and disease-specific, it is also necessary to  finding of miR-503 using as a diagnostic marker for a
further determine which diseases will affect serum metabolically unhealthy state needed to be further vali-

miR-503 levels before clinical practice. Besides, the dated in an independent cohort study.
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Table 4 Logistic Regression Analysis for Related Factors Associated with MUO Phenotype in Overweight/Obese Subjects (Odds

Ratio and Confidence Limits)

Variable B OR 95% CI P-value
Lower Upper

Age 0.210 1.234 0.573 2.655 0.591

Sex 0.256 1.291 0.320 5.208 0.719

BMPRIA —0.013 0.987 0411 2.370 0.976

miR-503 —1.469 0.230 0.076 0.696 0.009*

Notes: *P < 0.05; MHO was coded 0 and MUO was coded |.

Abbreviations: BMPRIA, bone morphogenetic protein receptor type |A; miR-503, microRNA-503; OR, odds ratio; Cl, confidence interval.

Conclusion

In conclusion, we showed that miR-503 is a novel biomarker
that can distinguish the MHO from the MUO and may help in
the early identification of metabolic disturbances. Our find-
ings may help in the development of miR-503-based preven-

tion and treatment strategies to combat obesity.
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