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Abstract. The present study assessed serum miR‑15b, 
Annexin A1, procalcitonin, and interleukin‑6 (IL‑6) levels in 
children with metabolically healthy obesity (MHO) and meta‑
bolically unhealthy obesity (MUO) and compared them to 
these levels in a non‑obese healthy control group. It also tested 
the ability of each of these parameters to early differentiate 
children with MUO from those with MHO. The present study 
included 620 children [434 males (70%) and 186 females (30%); 
aged 9‑15 years] divided into the following groups: G1, healthy 
non‑obese controls (n=200); G2, MHO (n=246); G3, MUO 
(n=174). Serum miR‑15b, Annexin A1 procalcitonin, IL‑6, 

and other metabolic parameters levels were measured, and 
clinical examinations were conducted for all of the children. 
After testing the normality of the variable, Kruskal‑Wallis 
one‑way‑ANOVA, and Spearman correlation coefficients were 
used. The area under the receiver operating characteristic 
curve (AUC) was determined to test the variable's ability to 
differentiate MUO from MHO. miR‑15b, procalcitonin, and 
IL‑6 levels were significantly higher while Annexin A1 levels 
were significantly lower in G2 and G3 when compared to G1, 
and in G3 when compared to G2. These levels were positively 
correlated (Annexin A1 was negatively correlated) with body 
mass index (BMI) and waist circumference percentiles, and 
with serum levels of LDL‑cholesterol, glucose, HbA1c, insulin, 
and C‑reactive protein (CRP) and with the homeostasis model 
of insulin resistance (HOMA‑IR). The AUC was 0.92, 0.84, 
0.82, and 0.67 for miR‑15b, Annexin A1, procalcitonin, and 
IL‑6, respectively. In conclusion, determination of serum 
miR‑15b, Annexin A1, and procalcitonin levels could differen‑
tiate children with MUO from those with MHO. This may help 
the early management of these cases and their accompanying 
complications.

Introduction

The increasing prevalence of childhood obesity in the current 
century has made it an alarming worldwide health issue. 
Around the world, currently more than 43 million children 
are reported to be obese or overweight (1). The condi‑
tion is recognizable mainly in developed and developing 
countries (1,2).

The mechanisms involved in the progression of childhood 
obesity and its complications are still undetermined which 
hinders the timely management of these conditions (3,4). 
Some obese individuals may have a significantly low risk 
to develop cardiometabolic complications [metabolically 
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healthy obesity (MHO)] when compared with others [meta‑
bolically unhealthy obesity (MUO)] (5,6). Blüher reported 
that cases with MHO have higher insulin sensitivity and 
less obesity‑associated inf lammation than those with 
MUO (6). Some other studies reported that MHO is not a 
strictly cardio‑metabolic benign condition, and individuals 
with MHO still have an increased risk of developing type 2 
diabetes mellitus (T2DM) and atherosclerosis than healthy 
lean individuals (6,7). In addition, obesity is considered an 
inflammatory condition that is associated with an increase 
in adipocyte‑derived adipokines such as tumor necrosis 
factor‑α (TNF‑α), interleukin‑6 (IL‑6), and C‑reactive protein 
(CRP) (8). The control of these inflammations may slow down 
the progression of obesity‑associated complications (8). To 
understand these inflammations and other consequences 
of obesity, many previous studies have been conducted on 
microRNAs and other inflammatory‑related biomarkers such 
as Annexin A1, procalcitonin, and IL‑6 (9,10).

MicroRNAs (miRNAs/miRs) are small non‑coding ribo‑
nucleic acids that can modify the process of adipogenesis 
and its related complications (9). In this regard, miR‑15b 
expression was reported in many previous studies to correlate 
with insulin resistance and inflammatory markers in obese 
individuals (10‑12).

Annexin A1 (lipocortin‑1, 37 kDa) is a protein that 
resolves inflammations by diminishing the production of 
pro‑inflammatory cytokines in neutrophils (13). It can enhance 
the apoptosis of neutrophils and suppress the process of 
adipogenesis (13,14). Studies that have investigated the levels 
of Annexin A1 in obese and/or type 2 diabetic cases have 
revealed contradicting results (14‑16).

Procalcitonin is secreted mainly by thyroid C cells and 
adipose tissues and is considered a marker for systemic 
inflammation (17). Obese individuals were reported to have 
high procalcitonin levels that were correlated with body mass 
index (BMI) and insulin resistance (17,18).

IL‑6 controls diverse immune, inflammatory, and meta‑
bolic processes through a complex pathway that requires 
incorporation between a variety of cells and tissues. Its levels 
were reported by many studies to be higher in obese indi‑
viduals than in non‑obese controls (19‑21).

Since the current differentiation of patients with MUO 
from those with MHO depends on the development of 
major clinical signs (22), which is considered late, the objec‑
tives of the present study were to measure serum miR‑15b, 
Annexin A1, procalcitonin, and IL‑6 levels in children with 
MHO and MUO and to compare them to those of a non‑obese 
healthy control group. The study also tested the ability of each 
of these parameters to early differentiate children with MUO 
from those with MHO which may help the timely management 
of these cases and their accompanying complications.

Patients and methods

The present work was conducted in three primary health care 
centers in Unaizah, Qassim area, Saudi Arabia after being 
reviewed and approved by the Qassim University Medical 
Ethics Board (approval # mduc‑2019‑2‑2‑I‑5441). All proce‑
dures performed were in accordance with the 1964 Helsinki 
declaration and its later amendments or comparable ethical 

standards. Informed written consents were obtained from all 
children's guardians.

Calculation of sample size. The formula (n)=(r+1/r) (ơ2) 
(Zβ+Zα/2)2/(difference)2 was used to calculate the sample size 
(r is the ratio of healthy non‑obese children to obese children; 
σ is the estimated standard deviation; Zβ is the desired power 
(typically 0.84 for 80% power); and Zα/2 is the desired statis‑
tical significance level (1.96). The difference was set at 5. Thus, 
a sample size of at least 171 participants in each arm was used.

Participants. This case‑control study included 620 consecutive 
children [434 males (70%) and 186 females (30%)] who visited 
the primary health care centers in Unaizah governorate, 
Qassim area, Saudi Arabia between January 2019 and October 
2021. Their ages ranged between 9 and 15 years (mean age, 
12.6±1.5). Medical histories were collected, and examina‑
tions were conducted for all children. The children's waist 
circumference (WC) percentile and body mass index (BMI) 
percentile were calculated, and a child was considered obese 
when his/her WC was ≥90th percentile and BMI was ≥95 
percentile for age and sex (1). Children were considered to have 
MUO when their WC was ≥90th percentile and presented with 
one or more of the following findings (22): a) Serum triacylg‑
lycerol (TAG) ≥150 mg/dl; b) serum high‑density cholesterol 
(HDL‑c) (<40 mg/dl); c) blood pressure ≥90th percentile (age, 
sex, and height) or systolic blood pressure ≥130 mm Hg or 
diastolic blood pressure ≥85 mm Hg when the age was between 
10 and 16 years; d) fasting blood glucose ≥100 mg/dl.

Exclusion criteria included children with T2DM, T1DM, 
genetic or endocrinal disorders, inflammatory, or any other 
general acute or chronic illness (3,4).

The eligible children were divided into a healthy non‑obese 
control group [G1, n=200 (32.3%)] and obese group [n=420 
(67.7%)]. According to the classification of international 
diabetes federation (IDF) (22); the obese group was further 
subdivided into 2 subgroups; G2 [children with MHO, n=246 
(39.7%)] and G3 [children with MUO, n=174 (28.0%)].

Sampling and laboratory analysis. Blood (5 ml) was withdrawn 
from the antecubital vein of all of the children after overnight 
fasting. One milliliter was used to measure glycosylated 
hemoglobin percentage (HbA1c%) in the whole blood immu‑
noturbidimetrically by an autoanalyzer (COBAS INTEGRA 
400, Roche Diagnostic). The remaining portion was left to be 
clotted and then centrifuged for 10 min at 3,000 x g, and the 
sera were collected in aliquots and stored at ‑80˚C until assay. 
Fasting serum glucose was measured by glucose oxidase 
activity high‑density assay kit (ab219924; Abcam). Serum 
total cholesterol (TC), high density lipoprotein‑cholesterol 
(HDL‑c), and triacylglycerol (TAG) were measured calori‑
metrically by corresponding kits (‑Spectrum Diagnostics; 
cat. nos. 230003, 266002t and 314003 respectively). Low 
density lipoprotein‑cholesterol (LDL‑c) was calculated by 
the Friedewald equation (LDL‑c equals . 
Insulin levels were measured using an insulin assay kit (cat. 
no. INS31‑K01; Eagle Biosciences, Inc.), and serum CRP 
was assayed using the Human C‑Peptide ELISA kit (cat. 
no. EZHCP‑20K; Sigma‑Adrich; Merck KGaA). The homeo‑
stasis model of insulin resistance (HOMA‑IR) was calculated 
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as described by Matthews et al (23). The case was considered 
as being insulin‑sensitive when HOMA‑IR was >1.9, early 
insulin resistant when HOMA‑IR was 1.9 to >2.9, and signifi‑
cant insulin resistance when HOMA‑IR was ≥2.9 (23).

Serum Annexin A1 levels were measured using the Human 
Annexin A1 ELISA (cat. no. ELH‑ANXA1‑1; RayBiotech 
Life) with detection range 1.64‑400 ng/ml, and coefficient of 
variation 4.0 and 5.3% for intraassay and interassay, respec‑
tively, according to the manufacturer's protocols. Serum levels 
of procalcitonin were assayed using the human procalcitonin 
ELISA kit (cat no. ab100630; Abcam) and coefficient of varia‑
tion 5.0 and 6.0% for intraassay and interassay, respectively. 
Human IL‑6 Quantikine HS ELISA Kit (R&D Systems, Inc.) 
was used to measure serum IL‑6 levels with assay range 
0.2‑10 pg/ml and coefficient of variation 3.4 and 5.2% for 
intraassay and interassay, respectively.

RNA extraction. Serum miRNAs were extracted and purified 
by the miRNeasy kit (Ambion® miRNA Isolation Kit, cat. 
no. K157001; Thermo Fisher Scientific, Inc.). The serum was 
transferred into a spine cartridge with a collection tube, centri‑
fuged for 1 min at 12,000 x g and then 700 µl of 96‑100% 
ethanol was added and mixed well by vertexing. An amount 
700 µl of the mixed sample was then transferred to a new 
spin cartridge and centrifuged again for 1 min at 12,000 x g. 
Wash buffer (500 µl) was used to wash the spin cartridge with 
centrifugation at 12,000 x g for 1 min (this step was repeated 
twice). Next, 50‑100 µl of RNase‑free water was added and the 
sample was incubated for 1 min before being centrifuged for 
1 min at the maximum velocity. The spine cartridge was then 
removed and discarded, and the purified RNA was left in the 
recovery tube, stored at ‑80˚C until being utilized.

Reverse transcription. For this step, High‑Capacity cDNA 
Reverse Transcription Kit was used (Applied Biosystems, 
cat. no. 4368814; Thermo Fisher Scientific, Inc.) according 
to the manufacturer protocol. Ten microliters of 2X reverse 
transcription master mix was pipetted into the reaction plate 
wells; 10 µl of RNA sample was added into each well and 
pipetted up and down to mix them. The plate was then sealed 
and centrifuged to spin down the contents and to get rid of 
the air bubbles. The plate was put on ice until being loaded 
to the thermal cycler (Applied Biosystems; Thermo Fisher 
Scientific, Inc.) under conditions that were optimized for 
the high‑capacity cDNA RT kits (25˚C for 10 min, 37˚C for 
120 min and 85˚C for 5 min).

RT‑qPCR. RT‑qPCR was conducted using TaqMan® 
MicroRNA RT Kit (Applied Biosystems; Thermo Fisher 
Scientific, Inc.). miR‑24 was used as an internal control 
[stem‑loop RT primer sequence: 5'‑GTC GTA TCC AGT GCA 
GGG TCC GAG GTA TTC GCA CTG GAT ACG ACC TTC TG‑3',  
forward primer: 5'‑GCG  GCG  GTG  GCT  CAG  TAC  AGC‑3' 
for miR‑24, and (universal) reverse primer: 5'‑GTG CAG 
GGT CCG AGG T‑3'] during the quantification using specific 
stem‑loop primers for miR‑15b (stem‑loop RT primer 
sequence: 5'‑GTC GTA TCC AGT GCG TGT CGT GGA GTC 
GGC AAT TGC ACT GGA TAC GAC TGT AAA CC‑3'; forward 
primer: 5'‑ATC CAG TGC GTG TCG TG‑3', and reverse primer: 
5'‑TGC TTA GCA GCA CAT CAT G‑3') to normalize it as 

follows: ∆Ct=∆CtmiR‑∆CtmiR‑24 (24). The analysis of the 
results was performed using Sequence Detection Software 
version 2.3 (Applied Biosystems; Thermo Fisher Scientific, 
Inc.). The difference in the miR‑15b relative expression levels 
between samples was calculated using the 2‑ΔΔCq method (25).

Statistical analysis. The collected data were analyzed by SPSS 
software (v.26) (IBM Corp). The normality of the quantita‑
tive data was tested. Kruskal‑Wallis one‑way‑ANOVA was 
used to compare data among the three studied groups and the 
Dunn's post hoc test was conducted for pairwise comparisons 
after Kruskal‑Wallis ANOVA. The correlations between the 
different studied continuous variable levels were tested by 
Spearman's correlations coefficient. The receiver operating 
characteristic curve (ROC) was conducted to test the variable's 
ability to differentiate children with MUO from those with 
MHO. P‑values ≤0.05 were considered to indicate a significant 
difference.

Results

Comparison of the different studied variables in G1, G2, and G3. 
The three groups were age and sex‑matched (Table I). There 
were significantly higher serum miR‑15b, procalcitonin, 
and IL‑6 levels while significant lower serum Annexin A1 
levels in the children with MHO (G2) and MUO (G3) when 
compared with the healthy non‑obese control group (G1); and 
children with MUO (G3) when compared with levels in the 
children with MHO (G2) (Table I). In addition, significantly 
higher values of BMI and WC percentiles and serum levels 
of TAG, glucose, HbA1c%, insulin, and CRP were found in 
children with MHO (G2) and with MUO (G3) when compared 
with these in the healthy non‑obese control group (G1); and 
in children with MUO (G3) when compared with levels in the 
children with MHO (G2) (Table I). The percentages of cases 
with insulin resistance (early and significant) were higher in 
G3 than G2 and G1 and G2 than G1 (Table I). The systolic 
and diastolic pressure for all participants were less than 90th 
percentile (normotensive; data not shown).

Comparison of serum levels of miR‑15b, Annexin A1, procalcitonin, 
and IL‑6 in the whole study sample according to the degree of their 
insulin sensitivity. The participants in the present study were 
insulin sensitive [n=228 (36.8%)], early insulin resistant [n=290 
(46.8%)], and significant insulin resistant [n=102 (16.5%)]. 
Significant high serum levels of miR‑15b, procalcitonin, and 
IL‑6 and low levels of Annexin A1 were found in children 
with early and significant insulin resistance compared to those 
who were insulin sensitive; and in children with significant 
insulin resistance compared to those with early insulin resis‑
tance (P<0.001 for all) (Fig. 1A‑D).

Correlations of serum miR‑15b, Annexin A1, procalcitonin, and IL‑6 
levels in the whole study sample. The serum levels of miR‑15b, 
procalcitonin, and IL‑6 were positively correlated (while the 
serum levels of Annexin A1 were negatively correlated) with 
BMI and WC percentiles and with serum levels of LDL‑c, 
TAG, cholesterol, glucose, HbA1c%, insulin, and CRP and 
with HOMA‑IR (Table II). The serum levels of miR‑15b, 
procalcitonin, and IL‑6 levels were negatively correlated with 
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serum levels of HDL‑c, while Annexin A1 levels were posi‑
tively correlated with serum levels of HDL‑c (Table II).

The serum miR‑15b levels were positively correlated with 
serum levels of procalcitonin (0.544, P<0.001), and IL‑6 (0.261, 
P<0.001) while negatively correlated with serum Annexin A1 
levels (‑0.265, P<0.001) (data not shown).

The serum Annexin A1 levels were negatively correlated 
with serum levels of procalcitonin (‑0.477, P<0.001) and IL‑6 
(‑0.331, P<0.001) (data not shown).

Serum procalcitonin levels were positively correlated with 
serum IL‑6 levels (0.441, P<0.001) (data not shown).

Correlations of serum miR‑15b, Annexin A1, procalcitonin, and IL‑6 
levels in the three studied groups
Serum miR‑15b levels in the healthy control group (G1). Serum 
miR‑15b levels in the healthy control group (G1) were posi‑
tively correlated with BMI and WC percentiles and with serum 
levels of LDL‑c, TAG, TC, glucose, and HbA1C% and were 
negatively correlated with HDL‑c (Table III). Its correlations 
with serum levels of Annexin A1, procalcitonin, and IL‑6 were 
non‑significant (Fig. 2A‑C).

Serum miR‑15b levels in children with MHO (G2) and MUO 
(G3). Serum miR‑15b levels in children with MHO (G2) and 
MUO (G3) were positively correlated with BMI and WC 
percentiles and serum levels of LDL‑c, TAG, TC, glucose, 
HbA1c%, insulin, and CRP and with HOMA‑IR while corre‑
lated negatively with HDL‑c (Table III). In addition, serum 
miR‑15b levels were positively correlated with serum levels 
of procalcitonin and IL‑6 (Fig. 2B and C). In contrast, they 
were negatively correlated with serum Annexin A1 levels 
(Fig. 2A).

Serum Annexin A1 levels in the healthy control group (G1). Serum 
Annexin A1 levels in the healthy control group (G1) showed 
non‑significant correlations with all studied metabolic and 
anthropometric parameters (Table III) and, with serum levels 
of procalcitonin and IL‑6 (Fig. 3A and B).

Serum Annexin A1 levels in children with MHO (G2) and MUO (G3). 
Serum Annexin A1 levels in children with MHO (G2) and MUO 
(G3) were negatively correlated with BMI and WC percentiles 
and with serum levels of LDL‑c, TC, glucose, HbA1c%, 
insulin, and CRP and with HOMA‑IR (Table III) and with 
serum levels of procalcitonin and IL‑6 (Fig. 3A and B). They 
were also negatively correlated with TAG in G3 (Table III). On 
the other hand, Annexin A1 levels were correlated positively 
with serum HDL‑c levels in both groups (Table III).

Serum procalcitonin levels in the healthy control group (G1). Serum 
procalcitonin levels in the healthy control group (G1) were 
positively correlated with serum levels of LDL‑c, TAG, TC, 
glucose, and HbA1c% and with HOMA‑IR (Table III).

Serum procalcitonin levels in children with MHO (G2) and MUO 
(G3). Serum procalcitonin levels in children with MHO (G2) 
and MUO (G3) were positively correlated with BMI and WC 
percentiles and serum levels of LDL‑c, TAG, TC, glucose, 
HbA1c%, insulin, and CRP and with HOMA‑IR while nega‑
tively correlated with HDL‑c (Table III). In addition, they were 
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positively correlated with serum levels of IL‑6 (G2; 0.432, 
P<0.001and G3; 0.862, P<0.001). On the other hand, serum 
procalcitonin levels were negatively correlated with serum 
HDL‑c levels (Table III).

Serum levels of IL‑6 in the healthy control group (G1). Serum 
levels of IL‑6 in the healthy control group (G1) were posi‑
tively correlated with serum levels of TAG and HbA1C% 
(Table III).

Figure 2. Correlations of circulating microRNA‑15b (relative expression) with (A) serum Annexin A1, (B) serum procalcitonin, and (C) serum interleukin‑6 
levels in G1 (healthy, non‑obese children), G2 [children with metabolic healthy obesity (MHO)] and G3 [children with metabolic unhealthy obesity (MUO)]. 
P‑values (p) as well as correlation coefficients (Co) are shown.

Figure 1. Comparison of (A) microRNA‑15b (relative expression), (B) serum Annexin A1, (C) procalcitonin and (D) interleukin‑6 levels in the whole sample 
according to the degree of insulin‑resistance by independent‑samples Kruskal‑Wallis test. The P‑value was found to be significant for all at ≤0.001). (*) indi‑
cates the outliers. HOMA‑IR, homeostasis model of insulin resistance.
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Serum levels of IL‑6 in children with MHO (G2) and MUO (G3). 
Serum levels of IL‑6 in children with MHO (G2) and MUO 
(G3) were positively correlated with BMI and WC percentiles 
and serum levels of LDL‑c, TAG, glucose, HbA1c%, insulin, 
and CRP and with HOMA‑IR while serum levels of IL‑6 
in children with MHO (G2) and MUO (G3) were negatively 
correlated with serum HDL‑c levels (Table III).

ROC curve results. The areas under the ROC curve (AUC) for 
the ability of serum levels of miR‑15b, Annexin A1, procal‑
citonin, and IL‑6 to differentiate children with MUO from 
those with MHO were (0.92, 0.84, 0.82, and 0.67, respectively) 
(Fig. 4A‑D). While AUCs for other studied parameters were 
0.27 (BMI percentile), 0.28 (waist circumference percentile), 
0.11 (serum cholesterol), 0.48 (LDL‑c), 0.15 (TAG), 0.58 

Figure 3. Correlations of Annexin A1 serum levels with (A) serum procalcitonin levels, and (B) serum interleukin‑6 levels in G1 (healthy, non‑obese children), 
G2 [children with metabolic healthy obesity (MHO)] and G3 [children with metabolic unhealthy obesity (MUO)]. P‑values (p) as well as correlation coefficients 
(Co) are shown.

Figure 4. The receiver operating characteristic (ROC) shows the efficacies of (A) circulating microRNA‑15b (relative expression), (B) serum levels of 
Annexin A1, (C) procalcitonin and (D) interleukin‑6 in differentiating children with metabolic healthy obesity (MHO) from those with metabolic unhealthy 
obesity (MUO). AUC, area under the ROC curve.
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(serum cholesterol), 019 (serum glucose), 0.50 (serum insulin), 
and 0.42 (serum CRP) (data not shown).

Discussion

The increased serum levels of miR‑15b, procalcitonin, and 
interleukin (IL)‑6 and the decreased levels of Annexin A1, that 
were found in the present study, emphasize the status of low 
inflammation that accompanies obesity (8). The accumulated 
fat in adipocytes activates immune cells in adipose tissues to 
initiate an immune‑inflammatory process that results in unfa‑
vorable metabolic consequences (8,12).

Several existing obesity management protocols (diag‑
nosis and treatment) are based on a body mass index (BMI) 
≥30 kg/m2 (26). Yet, research has revealed the incapability 
of BMI to correctly predict obesity‑associated complica‑
tions (27). According to the IDF classification, some obese 
individuals have a high risk to develop cardiometabolic 
complications and are called as presenting with metaboli‑
cally unhealthy obesity (MUO), while those with lower risk 
present with what is termed metabolically healthy obesity 
(MHO) (22). The criteria to differentiate between both 
types were previously discussed in the Patients and methods 
section (5,6). Some research has reported that MHO is a 
strictly cardiometabolic benign condition (28) while other 
studies did not agree (6). The present study aimed to find new 
biomarkers that can differentiate between these two types to 
allow timely management.

MicroRNAs play important roles in the development 
and functions of the immune system and their abnormal 
expression levels have been reported in obesity and its accom‑
panying complications (4,12). They fine‑tune and regulate the 
production of many inflammatory cytokines by regulating 
expression of their genes (10). Of these microRNAs, the 
overexpression of miR‑15b was found to enhance the inflam‑
matory process, induced by certain viruses, by targeting the 
ring finger protein 125 (RNF‑125). This leads to the induc‑
tion of retinoic acid‑inducible gene I and excess production of 
pro‑inflammatory cytokines (29). In addition, miR‑15b binds 
to the 3'untranslated ends of the insulin receptor substrate 1 
mRNAs to repress them. This results in decreasing glucose 
uptake by cells and ultimately, insulin resistance (11).

The findings of the present study are in accordance with 
the results reported by many previous studies. Yang et al (11) 
revealed an increase in serum miR‑15b levels in mice fed a 
high‑fat diet (obese) and these levels were associated with 
insulin resistance in hepatocytes. Cui et al (3) reported 
high circulating miR‑15b in obese children and adults with 
T2DM. They revealed that miR‑15b and miR‑146b could 
suppress insulin secretion in response to high glucose levels 
and concluded that circulating miR‑15b levels could predict 
the future risk of developing T2DM in obese children (3). 
Mohany et al (4) found an increase in serum miR‑15b levels 
in obese children especially those with T2DM. They also 
revealed significant positive correlations between these levels 
and BMI percentile, serum levels of glucose, and HbA1c% (4).

Annexin A1 is an anti‑inflammatory protein that acts 
through formyl‑peptide‑receptor‑2 (FPR‑2) in many cellular 
functions. It diminishes the production of pro‑inflammatory 
cytokines by neutrophils and enhances the apoptosis of 

neutrophils, inhibits phospholipase A2 and consequently 
dampens the eicosanoid biosynthesis, and suppresses the 
process of adipogenesis (13,14,30).

The biosynthesis of Annexin A1 is regulated by 
glucocorticoids, the finding that was emphasized by the 
decreased anti‑inflammatory response to glucocorticoids in 
Annexin A1‑deficient mice (16).

The results of the present study agree with the findings of 
Kosicka et al (16) who found a reduction in plasma Annexin A1 
levels in obese individuals and these levels were correlated 
negatively with BMI, total body fat, plasma levels of CRP, 
and leptin. They concluded that the decrease in Annexin A1 
(anti‑inflammatory protein) that occurred concurrently with the 
increase in body fat is strongly associated with obesity‑related 
inflammation and cardiometabolic complications (16). In addi‑
tion, the findings of the present study agree with Sajid et al (30) 
who concluded that Annexin A1 could decrease the accumula‑
tion of fat in adipocytes and suppress the process of adipogenesis. 
They also suggested a therapeutic role for Annexin A1/FPR2 to 
eliminate obesity accompanying inflammation (30).

By contrast, Aguilera et al (15) found overexpression of 
the Annexin A1 gene in the adipose tissues of obese children. 
Pietrani et al (14) detected a non‑significant difference in the 
serum Annexin A1 levels between patients with T2DM and 
non‑diabetic controls. When they classified the participants 
according to their BMI, the authors found higher serum 
levels of Annexin A1 in obese patients with T2DM than in 
normal‑weight healthy individuals (14). These increased serum 
levels of Annexin A1 were assumed as an attempt by the body to 
counteract the systemic inflammatory process in obese subjects 
with/without T2DM. Unfortunately, these high serum levels of 
Annexin A1 were not effective to dampen the inflammatory 
cascades due to their cleavage in the adipose tissues (14).

Procalcitonin is produced by numerous tissues all over the 
body including the adipose tissue. The exact role of procalcitonin 
is still undetermined and is under investigation (31). Its secretion 
is increased in response to bacterial (but not viral) infections and 
other inflammatory stimuli and has been considered as a marker 
for systemic inflammations (32). Serum levels of procalcitonin 
have been used as a supportive test for diagnosis of sepsis; levels 
≥ 0.1 ng/ml suggest bacterial infection that indicates antibacte‑
rial therapy and levels ≥0.5 ng/ml suggest severe sepsis (31,33).

The findings of the present study are in accordance with 
the results of Linscheid et al (34) and Van Gaal et al (35) who 
reported that the secretion of procalcitonin from the adipose 
tissue is induced by activation of the resident macrophages 
and is proportionate to the amount of accumulated fats. In 
addition, Abbasi et al (17) and Ghanem and Khalid (36) found 
an association between serum levels of procalcitonin and 
obesity and insulin resistance, and these levels were found 
to be correlated with HOMA‑IR and serum levels of CRP. 
Moreover, El Kassas et al (18) revealed significantly high 
serum procalcitonin levels in obese children compared to 
non‑obese controls (P<0.001), and these levels were positively 
correlated with BMI, HOMA‑IR, and serum levels of insulin, 
cholesterol, TAG, and CRP. In contrast, Boursier et al (37) 
found non‑significant correlations between plasma calcitonin 
levels and insulin resistance.

Regarding IL‑6, the results of the present study are in 
accordance with Khaodhiar et al (19) who found significantly 
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increased levels of serum IL‑6 in obese and morbidly obese 
individuals compared to normal‑weight individuals, and these 
levels were positively correlated with BMI. They concluded that 
adipose tissue‑derived IL‑6 was proportionate to the degree 
of fat accumulations, especially in the abdominal region (19). 
Moreover, Ellulu et al (8) concluded that obesity is associated 
with increased serum levels of inflammatory markers such 
as TNF‑α, IL‑6, and CRP. Moreover, El‑Mikkawy et al (21) 
reported high levels of serum IL‑6 in obese and overweight 
individuals compared to normal‑weight individuals (P<0.001), 
and these levels were found to be positively correlated with 
BMI and negatively with HDL‑cholesterol. They concluded 
that levels of serum IL‑6 were good indicators of obesity‑asso‑
ciated low‑grade inflammation (21).

Despite finding high serum levels of IL‑6 in obese 
compared to non‑obese subjects in the study conducted by 
Takumansang et al (20), they found no association between 
these levels and insulin resistance which is contrary to the 
findings of the present study. In addition, contrary to the 
present study, Neeland et al (27) reported a normal hormonal, 
inflammation, and immune profile in children with MHO.

To the best of our knowledge, the present study was the first to 
test the ability of serum levels of miR‑15b, Annexin A1, procal‑
citonin, and IL‑6 to differentiate children with MUO from those 
with MHO. In this regard, the present work revealed that serum 
levels of miR‑15b (relative expression), Annexin A1 and procalci‑
tonin are good biomarkers in this regard (when compared to the 
classically used parameters) with cut‑off points=3.8, 144 ng/ml, 
0.07 ng/ml and AUCs=0.92, 0.84, and 0.82, respectively.

One potential limitation of the present study was that the 
participants in the study groups were not sexually maturation 
matched.

In conclusion, high serum levels of miR‑15b, procalcitonin, 
and IL‑6, and low levels of Annexin A1 were found in obese 
children especially those with MUO. Measuring these levels 
could differentiate children with MUO from those with MHO 
which could help the early management of these cases and their 
accompanying complications. Future studies on a large‑sized 
population are recommended to emphasize these findings.
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